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CHAPTER I 
LETRODUCTION 


l emphasize the inesecapability of the searcity of 
resources and the necessity for choice because many people 
seem to believe that the scarcity of resources and the 
resulting Limits in our Defense budget are really the 
invention of the Bureau of the Sudget, the Comptroller's 
office, or the Appropriation Committees, They are not. 
The Limitation on our national resources is a fact of life, 
like the laws of physics or aerodynemice. There are other 
needs and demands for those resources besides the demands 
of defense, end of expanding science and technolozgy .. . 
Therefore, only @ Limited amount of resources is aveileble 
for defense. Ané it is our responsibility, both yours 
and mine, military end civilign working together, to get 
the most out of our Limited resources by facing up to the 
hard choices and helping those who made the decisions to 
meke the right ones, 


50 gaid Alain C. Enthoven, Assistant Secretary of 
Defense, System Analysis, in a speech given at the Naval war 
Gollege on January 6, 1963. This statement, regerdless of one's 
personal beliefs, presents a concise summary of the managerial 
climate now prevailing in the Department of Defense. for every 
existing or proposed plen for the expenditure of funds there are 
many possible alternative courses of action that can be taken. 
today's Vefenee managers require that each must be considered 
ox reconsidered, as the case may be, to ensure that the present 


or planned allocation of resources is the most economical matrix 





talain C. rithoven, “Choosing Strategies and Selection 
of Weapon systens," U.S. Naval Institute Froceedcinzs, January, 
1964, De 152, 











possible under present conditions. the term, “economical,” as 
it is used here, does not necessarily mean the expenditure of 
the fewest investment dollars or even the cheapest way of 
performing the function. s#ather it refere to the most efficient 
and effective way of achieving the given objective with an 
acceptable degree of assurance. 

Whenever there is a desire to evaluate the economic flux 
of the available resources, one area that is always serutinized 
is that of saintenance., Although this contemplation normally 
encompasses the entire maintenance effort, both equipment and 
real sroperty, the scope of this paper does not. This paper 
has been restricted to equipment maintenance, due to the size 
and complexity of that endeavor, The failure to restrict 
further the scope of this paper within the area of equipment 
maintenance might be validly questioned. However, following 
the precedent of the writers of the available literature in 
this field, ne further restriction has been made, 

the examination of equipment upkeer and repair as an 
area in which the combination of resources can be improved is, 
primarily, the result of two factors. first, the function ef 
maintenance consumes a very large pertion of the total dollars 
spent in the Department of Defense; therefore, there is a 
greater probabiiity of finding en epportunity to improve the 
economic mix in this area than theres is in an area where fewer 
dollare are spent. Secondly, when thie atmosphere of “Let us 
check our economic pattern” prevails, corecurement funds for the 


routine replacement of equipment are normally more a@ifficult to 
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justify, ere reduced, or are noneexistent., in this situation 
the only way that ea service can meet its predetermined 
requirements of having a given muwober of specific equipments on 
hand and available for use is to increase or improve ite 
maintenance effort. the extent to which this is achieved is 
directly proportionate to the extent that the increased 
maintenance effort extends the physical life of the items 
invoived,. 

in short, meintenance can be used as a substitute for 
precurement; and it should be, so long @s this is economical~- 
that is, so long as the current and future operating and 
maintenance costs of the item being repaired do not exceed the 
initial investment and future operation and maintenance costa 
of the replacement iten. 

the situation described above creates pressures which 
tena to chanze operating patterns and orsanizational structures. 
when management, with a view toward effecting improvement, 
wishes to examine or reexamine how well it has been performing 
in an aren or functional field, it must have information fed to 
it by the orgenization, When the organization is as diverse and 
complex as the Lepartment of Defense, management must also be 
given assurance ag to the validity and compatibility of the 
data it receives, This usually means, “in conformity with 
Parkingon's Law," the creation of new information and control 
systems. Then, after the creation of the new systems, the 
selection of commen terninolozy, the implementation of any 


improvements deemed desirable, and the setting of commen 
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standards, it is only legicel to require a feedback system to 
ensure continued good performance, At the moment this 
evolutionary process within the befenee Lepartment is at the 
etage of activating the “required” new systems. These systems, 
whose purposes are adequately Gescribed by their titles, are the 
Equipment Readiness Keporting Systen, the Depot taintenance 
trogragmming System, the Depot Maintenance Production Reporting 
System, the Maintenance Cost Accounting System, and the 
Maintenance senagement information Systems. The actual 
centralization that will be effected by these systems will in 
large measure depend upon the capability of men and electronic 
machines to standardize, to render compatible the data generated, 
and to use this information for the accamplishment of the 
organization's objectives. 
while thie pressure appears to be the dominant one 

generated by menasement'sr increased interest in equipment 
maintenance, it is not the only one that exists, One Lepartment 
of tefense study sroup had this te say: 

Material management. The range of functions embracing 

acquisition, control, storase, issue, anc the disposal of 

material, including, but not Limited to such clements as 

allowance, cataloguing, distributing, leveling, maintenance, 

usage, and trensportation; the full logistics Life cycle 

ef any item, besinning at the design stage and proceeding 


te conswmnption or disposal, 
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lu .s., Lapartment of Defense, Office of Assistant 
Secretary of vefense, installation and teogistics, Hesponsive 
Automated Material tHanazement System 1968 (A flan}, Keport of 
ts: | Managenent ata bsyetem Study Group, hovember, 1962, 
p. if, 
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in addition, the material manager will: 


(1) Concurrently manage both the end item and ite repair 
parts, 


{2} save a closer relation with maintenance, te include 
the scheduling of repairables, 


(3) Heve a closer relationship with industry resarding, 
technical dats, engineering changes, product 
improvement, etc, 


(4) Have a closer relationship with his customers, 


(5) Have full knowledge of, and participate in 
erganizational equipment authorization; and will 
have Knowledge of equipment in-use throughout Dol, 


(6) Golleet and use item usage data, 


(7) insure homogeneous groupings of itens in realistic 
quantity groupings, 


(8) Farticinete in reeearch and development to satisfy 
provisioning requirements, 


(9) Operate, together with subordinate levels, under one 
syeten, uging standardized policies and management 
concepts, + 


8 2 % Sd # ¥ t > % 
fe) 


Sd 8 & 9 * o w o @ 2 id % 5 ? 3 ¢ e & e sd 
Maintenance will be aided through the following: coding 
of military essentiality, item applicability and 
reletionship to the next higher assembly; comparable date 
on operating eystems will be applied to these in resserch 
and development; repairable item stock Levels will be 
tailored more to item characteristics rather than issue 
rates; performance/failure data will flow throush 
maintenance technicel charmmels fer preduct imorovement and 
en including DSA, maintenance support will be 
incressed, 
Hisvalue Items. <A category of repairable iteme of high 
unit cost or hich investment level which because of their 
ntreme military essentielity require intense manasenent 
control throughout their useful Life. This management will 
include the maintenance of asset infermation to reflect 
quantities in store, in transit, instelled, and undergeoins 
repair.3 


7 * » ® 








lipgé,, p. il éibid,, p. iv. 
Sibig,, p» 31. 








The identity of high cost replacement and repaira le items 
will be related to program elements/resource categories and 
inventory reporting must reflect investment in these major 
areas by program elements/resource categories, 

This approach combines centralization with vertical 
Antegration and will foree the logistic manager's influence upon 
the operating cownander during the latter’s allocation of his 
resources. 

in the face of these strong pressures for centralization 
and increaseé direction for those above, one might ask why one 
should be concerned with the estabLisiment of economical repair 
limite, would it not be better and easier to wait and let the 
new systems managere take the lead? While there are several 
good reasons for not doing so, two are distinguishable as batter 
than the rest, 

it is quite commonly aceepted thet hindsight is far more 
revealing then foresight. because of this, it is not surprising 
to find auditors, both internel and external, and higher Levels 
of manogenent, who perform the review function, using hindsight 
to eriticize the foresizht of others. Cver the years the Marine 
Corps has often been taken te task for the methods used in 
determinins when an item should be repaired, overhauled, rebuilt, 
or disposed of as being uneconomical to repair, Usually these 
rebuffs of the methods then in vogue are not too violent, for 


the critic seldom has anything to offer in place of that which 


he dees not Like. He frequently lete the whole affair so with 
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the vagus comment that “there must be some better way of doing 
it.” The first reason, then, for attempting to find "the 
economical repair limit" is that for the immediate future; 
until the new Vob maintenance systens become operative, the 
Marine Corps is responsible for the manner in which it 
accomplishes its work. The task of determining when to stop 
repairing a piece of equipment is part of that work, 

taking & more positive approach, the finding of this 
limit ie important to the comnander because in many weys it 
dictates how he will allocate his resources, and what he can and 
camnot do, to replace an item prematurely is to spend money 
needed te buy other materiale, ‘to deley replacement unmwisely is 
te expend Goliare for @ strean of services that are worth lees 
than wes poid for them, slither action robs the commending 
officers of badly needed resources, 

in view of the impertance of this decision and the 
arbitrary manner in which it is so often made in tha Marine 
Corps, it is believed that much would be accomplished by 
studying the repairereplacement policies, practices, theories, 
and criteria that are used by civilien industry, in an effort 
to determine if, or te what extent they are adaptable to Marine 
Corps use, 

epecifically this paper is concerned with; 

(1) What theories are used by civilien industry 

to Getermine the philesophy that governs the maximum 


repairability of equipment items? 
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(Z) what factors are used by civilian industry 
in expressing these theories? 

(3) What formulas are used by civilian industry 
to determine the interrelationship of these factors? 

(4) Whet elements are used in these formulas? 

(5) Are the theories and formulas used by civilian 
industry apolicable to the Marine Corps? 

(6) what constitutes a goed repair-replacement 
decision making system? 

Three methods of research were utilized to gather the 
date for the resolution of these questions, First, a search 
wags made for literature in this field. Next, inquiries 
containing aim key questions were sent to a selected list of 
civilian corporations. The third and final methed of research 
used wos the interviewing of personnel who are actively 
enmsaced in managing the Marine Corpse Depot Meintenance System 
at the Deacqguarters Marine Corps level. 

in searching for writings in this field, the most 
Giffieult problen encountered was that of semantics. Frertinent 
@Ciseussions and comments were found under such titles as: 
repair policies, revlacement practices, eapital expenditures, 
capital investment, investment, or management. fCotwithstanding 
the variety of titles under which they wrate, mest of the 
authors vere in agreement that the repair-«replacement problem 
ig but one phase of investment policy, what was found that 
surprised the writer was the Lack of published literature thet 


contained originality of thought. ‘Ghis was eepecially 
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surprising when one considers the importence of the subject. 
ae Joel pean hes said, 
Capital expenditure decisions form the framework for 4 
company's future cevelonment end are_a major determination 
of efficiency and compatitive pover, 
Most of the iiterature in this field was little more then 
amplifieetion and adaptetion of the techniques developed by a 
few creative authors, 

There were several purposes in sending questionnaires 
to selected corporations, it was reasoned that the data 
Gisecoversd in the Literature should be verified or confimned by 
comparison with actual practices currently being followed by 
american businessmen. Information that would disclose the 
importence that top management placed on the rerair-repLlacement 
problem was also desired, Furthermore, it was considered 
desirable to learn the hierarchical levels and fumetionel areas 
that were responsible for the making of this decision. in this 
regard all inquiries were addressed to the president of the 
cerporation; as was expected, the majority of the replies (66%) 
was signed by corperate department heads er higher. The titles 
of the respondents also showed the role that the firm's 
finencial managers playec in this problem, iit is net at all 
surprising to find that the larser, more complex firms were 
using the capital budcet and financial controls as the vehicle 


for makins repair-replacement decisions, 





Noel we —— — ee of Capital," 








ee, oe | 


dh A mem a ell 





eee — — —— ————— ———— «§ se oe? 
EE i me einen ll ap 


eases ees =] ee) ea 


ee ea ar es! Ss fen 
a Ey Nt il, — 
> — 

—_— > 


16 


The purpose of the interviews with the managers of the 
Merine Corps repair-replacement decision making precess was to 
ensure a sufficient understanding of how the "Corps" performs 
this task. This knowledze was desired in order to avoid the 
perpetuatien of a common failing of auditors--the proposing of 
solutions with an air of expertise without knowing or 
recognizing the problem. 

As a result of these interviews it can be seid with 
certainty that the Marine Corps has a system for making the 
repair-replecement decision. it may be further stated that 
this system is working cuite well. The crises and emergencies 
that are experienceé ere more the result of the inability to 
predict the future than of any inherent failures in the system 
itself, 

& eriticism that might be mace about the present system 
is not that it will deter the Marines from maintaining their 
traditional posture of readiness, but rather that it is based 
wupen empirical inference which “follows the grooves and ruts 
that custom wears and has no track to follow when the groove 
disappears.®! it might also be said that the present systen 
does not give the correct and obvious answer, 

heplacement should be made when the required stream of 


sexvices will thereby be obtained at a lower total cost, 
ox when the improvement in service will be worth more 





luos., Industrial College of the Armed forces, Sesearch 
enc DLevelooment, Vol. VIII: The Economics of National Securi 
(washington, J.C.: Industrial Collese of the Armed forces, 
1958), p. &. 
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than the increase in cost. * 


it should not be inferred that the managers of this 
Marine decision meking process ere not interested in finding the 
“correct and ebviocus answer." They are, but they also want to 
keep faith with the Marine that will use the equipment; and 
they do not control the entirs progees, "To be effective the 
replacement progres must be financially supported, "4 it is 
quite logical, but often overlooked, that if one is to act 
economically, repairs should not be made for lack of procurement 
dollars, nor should new procurements be made because of a Leck 
of maintenance dollars, ‘this ins what is meant by the stetement 
that the replacenent program must be financially supported. 
Anything less then full support will result in the decision 
makers trying to ensure, throush less economical means, their 
ability te provide the "treops" with the ecuipment which it has 


been determined ie recuired by them, 












la. As Alehien, Eoonomic Replacement Policy (Santa 
Moniea, California: The Kand Cerp., April 12, 1952), p. 1. 
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CHAPTER Ll 
FACTORS AFFECTING INVESTMENT AKALYS IS 


Were it possible to summon from the past a leading 
business executive of 1850 and send him on a tour of 
American industry, we may be sure he would greet with 
astonishment the transformation that has occurred since his 
day in the act of management. He would find, of couree, a 
tremendous increase in the specialization of managerial 
functions, particularly in the Larger enterprises. He 
would find in the service of the executive a host of 
unfamiliar mechanical gedgets--telephones, 
intercommunication systems, typewriters, dictaphones, 
mimeographs, and an endless profusion of accounting, 
recording, computing, and tabulating machines. He would 
find elaborate almost beyond recognition such manazement 
techniques as cost accounting, production control, 
procurement, scheduling, inventory control, quality control, 
job classification, sales promotion, market analyses, etc., 
to name only a few. He would find management well on the 
road to professionaslizgation, with numerous local and 
netional sccieties sponsoring a growing bedy of agreed 
principlee and accepted practices. in these and other 
respects he would note a century of solid progress. 

There igs one managerial technique, however, in which 
our visiting executive would feel very much at home, 
indeed, it is probably the only one he could take over 
without first bringing himself up to date. Wwe refer to 
the technique of analyzing the replecement of production 
facilities. while the facilities themselves bear littie 
resemblance to their pretotypes of 1850, the intellectual 
process by which the modern executive arrives at a decision 
on their replaceability is substantially unchanged. Given 
the requisite familiarity with present day equipment, our 
visitor could at once make analyses as good as the seneral 
Cun ® 

that a technique has been substantially unchanged for 
a century need not, of course, condemm it. its 
persistence may signify the attainment of perfection. in 
the present instance, however, it is impossible to credit 
this interpretation. far from perfection the prevailing 
techniques of replacement analysis are not even 
intellectually respectable. They have, indeed, no real 
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intellectual parentage, but are rather specimens of 
industrial folklore handed down from one generation of 
managers to the next. It is precisely because they are 
folklore that our astral executive would have so little 
to learn in this branch of business administration. 

A good technique for analyzing re-equipment 
proposals is, of course, only one of the requisites of 
geod equipment policy. it is however, a vital and 
indispensable element. For if menagement Lacks the means 
to identify, within reasonable Limits, the proper timing 
of replacement decisions in individual cases, it 
necessarily lacks the means to maintein the most 
advantageous mechanization of ite facilities as a whole. 
that American industry is still relying almost exclusively 
on primitive devices inherited fram the past is not merely 
@n incongruity; it is a challenge to bring this retarded 
sector of the managerial art abreast of the cthers. 


it if @ fact that there has been some improvement of 
American industry's equipment replacement policy since this 
condemnation was written in 1950. However, as President Charles 
w. Steward, of the Machine and Allied Products Institute, has 
more recently said, the investment decisions for replacement or 
mogermization are "the most backward management area today . . . 
the most backward because it's the most diffieult."2 For the 
reacer who would Like to examine the quantitative degree of 
improvement that has taken place, the writer would suggest 
that he refer to the MAPI survey of policies and practices for 


equipment replacement and depreciation, * te Oln and Richard's 





lvachinery ang ALlied Products imatitution, MASI 
bheplacement Manus | (Chicago: The Lake Side Press, RK. R. 
Donnelly and Sena Co., 1950), Forward. 


2t¥ow to Find the Moment when Modernization Pays beet,” 
Buginess Week, September, 1958, p. 106. 





Sachinery and Allied Products Ba eer eons sausiment 
replacement and Deprecletion-~rolicy and Practices 

Survey \Washington, De Cet Machinery end Allied Products 
institute, 19563. 
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study of selected Texas banks, ! and to Chapter IV of this paper. 
The improvement that has taken place is largely the result of 
two men: George Terborgh, esearch Director of Machinery and 
Allied Products Institute; and Joel lean, Professor of Business 
Leonemics at Columbia University's Graduate School of Business, 
and President of his own consulting firm, Joel Dean Associates .¢ 
If, as William J. Kelly has said, "a sood teehnique for 

analyzing re-equipment prevogzals is, ef course, only one of the 
requisites of seed equipment poliey,*5 what dees constitute a 
g006 equipment analysie policy? Dean has said that there are 
ten components to a capital-expenditure management progrem. ie 


has Listed them as follows: 


1, Creativ earch for crofitable Opportunities . 


inadvertent onoortunities should be supplemented by an 
active orogram of seeking out and investigating sucn 
opportunities ... » 

» é & e # w Q e e * e @ .% e a eo e e a a @ a e * ® 

: ’ ; ns. yo. it is necessary to heve 
some kind ° plan abel te out fer the future no matter 
how i encve L ive e 2 ] e 





3. Short | Budset . . . the short run budget 
has several purposes .. . to force operating manazement 

to submit . . . Gapitel preposale early ... to give ..4-. 
indication of the company's aggregate demand for funds 

» « « CG Stimulate creative thinking ... early in the 
game, 60 .. . there will be ., . time for analysis .... 












DD 








leenneth W, Olm and Sandra } Richerd, Louipnent 
Replacement Volicy mons selected Texas Lanks (Bureau of Susiness 
Research, University of texes, 1 60). 





dvvow to Find the Moment When Modernization Pays Rest,” 
De 107. 


356 said William J. Kelly, a former President of 
Mechinery and Allied Troducts Institute, in the quotation cited 
at the beginmniry, of Chapter Il. See pases 12 and 13. 
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4, Measure of Project Worth .. . this is the critical 
component of capital management .... 

2. Sereening end Selectines ... screening standarde 

should be set in the light of the supply of cash availability 
« « « the cost of money... the attractiveness of 
aiternetive investment opportunities. . . .« 


e a e é + t ® e é é td 9 @ @ = e e ® e ® 


. Sentrol of Authorized Outlays. Controls are needed 

» to assure , .. facility cenforms with specification 
» thet the outlay does not exceed the amount authorized 
». keep estimates of investment amoumts honest . .. e 


® ® @ e @ e e ® @ we e Oo @ e e 6 e e ® e ®@ © e ve e e © 
- Fost~-Morteme ... to preserve integrity ... to 
provide an experience base . .. a& post-completion audit of 
the earnings performance ...,. is needed. .. . 


je se @ @ Qe 


8. Ketirement and Disrosal . .. reeponsibility for an 
investment project ceases only when the facilities have 
been disposed of . .. in @ dynamic economy economic 
life projections are necessarily imprecise ... . 


specialized assets may come to have more value to others 
than to the company ...e -« 


® 


9. Forus and Procedures ... an effective system of 
eapital-expenditure control must .. . be implemented by 
specialized forms, written project analysis, and routines 
ef epproval ... . 


® 9 © ) ® @ ® e @ Oo @ ® ® ® @ 3 @ @ @ a eo ® ® e e @ @ e 
10. eonomics of Capital Budsetine. Good estimates of the 
rate of return on capital-expenditure projects require an 
understanding of the economic concepts that underlie sound 
investment decisions, as well as ability in estimetins 
techniques, Such understanding can be achieved only 
through special training. 


George Terborgh, though more restrictive in his approach, 
besically the same thing when he set forth the functions of 


investment policy. These functions as he described them 


1. Frovide a continuous and systematic review of 
operations in order to spot investment opportunities. 


. re) @ e a e Sd ¢. 06©@ € ® S we 6 e @ e 3 @ o e @ 9 @ e e a ® 





joel Dean, “Controlling frefitability,” Hervard 


iupiness Leview, January-February, 1954, pp. 121-i23, 
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2. Provide a reliable analytical technique for appraising 
these opportunities. 


@ se @ 4 ® G6 e * ® 6 “ e t 


3. Maintain a running inventory 
ranked in the order of urgency. 


of desireable projects 
* @ @ J ® e ® e g @ * °e a @ ® @ ¢ ° e ° ® é a ® & oi) t a # e 
4, Provide a post audit of its own analysis.! 
in the commercial world it is not desired that the 
equipment replacement decisions be made in isolation or on the 
sole merit of each individual case. Instead, it is desired that 
each project, after its individual merit has been approved, 
compete with all other projects that have met the minimum 
standards set by the company, for the resources that are 
available, This attitude is not difficult to comprehend or 
appreciate if you agree with Peter Drucker as to what is the 
first duty of & business manager. He has said: 
what is the first duty~-and the continuing responsibility-- 
of the business manager? ... to strive for the best 
possible economic results from the resources currently 
enployed or available, Everything elee managers may be 
expected te do, or may want to de rests on sound economic 
performance and profitable results over the next few years. 
Referring beck to the eighth component of Deen's 
capital-expenditure management program (page 15), the idea thet 
it is tha economic life of an item, not necessarily its physical 


Life, that interests the investment analyst can be observed. 


Terborsh put his finzer on the heart of the problem when he 





ineorge ¥. Terborgh, Susiness Investment Polic 


(Washington, §.C.: MAPI), p. 26, 





2 Peter BP, brucker, “Managing for business Lffectiveness," 
| Review, Mey~June, 1963, p. 53. 
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said: 


ihere is no beli that rings when the economic Life 
of an asset expires, either for a particular function or 
fex geod and all, nor are there any adnan’ ta stigmate to 
distinguish the dead from the living ... 


wheat is the economic life of an item? How is it determined? 
The simplest and most correct, but not the most helpful answer 
is that the economic life ef a piece of equipment is the Length 
Of time that its use remains profitable, ~ A more deseriptive 
and ecademic answer has been given by HKichard VYancil, who said: 


« « « the economic Life of an asset has been defined as 
the shertest of ite (1) physical life, (2) technological 
Life, or (3) product-market. For most equipment 
investinents, the technological life is the Limiting one,* 


An example that illustrates the difference between the 
physical life and the technolozical life of an item has been 
given by cugene Grant, when he wrote: 


ingineers often use the phrase “percent condition" when 
referring to this impairment |deterioration |] of 
serviceability, . . . Thies so-called engineering concept 
of Gepreciation has too oftem been misused in valuation 
testimony. . . «. statements have been all tos camnon to 
the effect that because an old property has only 2% 
impairment of serviceableness, it is 95% ea valuable ase 
ever, ore--even worse--that it is 98% as valuable as the 
present cost of replacement with an identical property 


b steiale maiads 











lnachinery & Allied Preducts Imstitute, A Dynamic 
Eguipment Folicy for #merice (Chicago: MAFI, 1946), p. fl. 


Ze onlacement Costs in industr » bepert of the National 
Council of applied ceonomic nesearch, Minietry ef Labor and 
Eaployment (Mew Delhi, Indie: Soverrmnent of india, 1960), op. 2. 





Spichard fF, Vancil, Leasing of Industrial igquipnent 
(Rew York: McGraw-Hill Book Co., ime,, 1985}, p. 
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regardless of the fact that any appropriate replecement 
might be a guite different and more economical property. 
The Machinery end Allied Froducts Institute phrases it 
this way: 
Durable goods recuire, during their service life, a flow of 
meintenance expenditures which as a rule rise irregulerly 


with ase and use. Most of them suffer a deterioration in 
the quality of their service as time goes on... the 


quality of their service may decline relative to available 
alternatives even when it does not Be ree: 
A typical answer as te how to determine what the 

economical Life of an item is has been given by Kussell head, 
Planning Director for westinghouse Electric Corporation, who 
says there is "“prebably more soul-searchinz, end possibly more 
eryetal-ball technique in this area of decision than in any 
other."° ‘The most Significant peints that can be gleaned from 
the above discussion are the need to plan ahead, so that the 
alternative investments (replacements) are given equal and fair 
oppertunity in competing for the available fund resources; and 
the need te determine the true economical life of the equipment 
being evaluated, Of the former, Dean says: 

. » » bUt seo longs as the company is meking adequate profits, 

the drive to have all capital expenditures selected on the 

basis of profit maximization is blunted; thus, 1 am aware 


that making maximum profit is often not the sole or even 
the dominant goal in managing capital expenditures, % 








lbugene io Grant and faul i. Nerton, Jr., Jepreciation 
(New York: The Roland fress, 1955), p. 14. 


a ‘3 2 
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Soim and Richard, ps 3. 


4Dean, “Gontrolling vrofitebility," Jarvard business 
Review, p. i2Zl, 
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Of the Latter, Peter Urucker says; 
. « « every analysis of actual allocation of resources 
and effort in business that |] have ever seen or made 
showed clearly that the buik of time, work, attention, and 
money first soes to "problems" rather than opportunities, 
and secondly, to sreas where even extreordinary succeseful 
performance will have minimal impact on results. 

Thea truth of the matter is that there ig no easy way to 
Getermine the lenzth of the economic Life of a piece of 
equipment, iLven the most commonly used methods of statistical 
determination tend to give something other than the economic 
life, In both the actuarial method and the turnover method? the 
prediction is based on past retirements. Lf the items were 
actually replaced st the enc of their economic life, then these 
methods would show the averaze economical Life of the equipment. 
if they were retired at the end of their physical life, which is 
amore likely probability, then they would show the averazce 
Physical life. If the equipments were replaced somewhere between 
the end of their economical life and the end of their physical 
life, their average age is somewhere in the twilight zone. 

it 1s recognized that many factors must be considered 
im deterwining the economic Life of an item, However, because 
some of these factors sre indivisible cr are so interrelated to 
other fectors that must be considered in meking any repair, 


replacement, or acacuisition ¢ecision, no effort has been made 


in this paper to list them separately. Rather, a combined 





lprucker, Harverd Business heview, p. 34. 
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P 2 
Grant and Norton, p. 44, 
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listing of the factors that must (according te the writers on 
this subject) be considered by the businessman when he makee 
his final decision as to which capital expenditures should be 
mede is presented in Table 1, 

it in apparent that many of these factors cannot be 
quantified, or, if quantifiable, the cost to do so would exceed 
the value of the knowledge geined from it. Nevertheless, it is 
the quantitative figure in dollarg that businessmen understand 
the best. Therefore, it is not surprising to find Philip 
scheuble, Jr., saying: 

The usual etarting point of eae replacement analysis is the 

determination of the annual cost sevings or dollar profit 

improvement afforded by the new equipment, the comparison 

with the status quo... i 
Dean @lseo says, “The value of a proposed investment depends upon 
its future earnings," 

A&A Listing of the eclemente that the various writers 
recommenda for consideration in meking an estimate of revenues, 
costs, end the resulting savings is given in Table 2. As in 
Table 1, not a single author used or recommended the use of all 
of the iteme Listed in Table 2; in faet, there wae considerable 
disasreement as to har ox whether some of them should be used at 
811. din examining the retionale of each author's techniques and 


the reasons they advanced for their choice of elements that should 








SPhilip A, Scheuble, Jr., “How to Figure Equipment 
Replacement," sarvard business ieview, September-Cctober, 1955, 
p. 83. 





“Dean, “Controlling rrofitebility,” narvard business 


Review, p. 127. 
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TABLE 1} 


FACTORS APFLCTING Tite CAPITAL INVESTMENT DeCis lun 


Realistic Aspirations of Manssement (Future Plans) 
General Susiness Outlook 


Future Markets 
Future Vrroducts 
Action of Competitors 


Prierity of Replacement (Urgency of Need) 

Sufficiency of Overhaul (in Kestoering fffectiveness and 
Service Life} 

Availability of eplacement Lquipment 

imminent Improvement in future aquipment 

Service Life (Economic Lifes) 

Altexnate Uses 


Coet Sevings 

Volume (Usa to be made of the Equipment) 
Future Cash sarniness 

Lime Shape of Mature Cash Larnings 

net Savings 

Taxes 

Future Price Levels (Haterial and wages) 


The Standards by which the investment Cppertunities are 
Selected 


Riek (Trebsability that the Estimates and Assunptions 
Employed in the Decision Making Frocess Are Correct) 











Z2 


TABLE 2 


QUANTIFIABLE FACTORS AND COST ELEMENTS 
OF THE CAPITAL INVESTMENT D&C 1S 10K® 


Caan, Srapepndy: eam 0 





Operating Costs Other Costs 
Wage Rates Property Taxes 
Girect Labor lax Depreciation Kate 
indirect Labor incomes Tax Kate over Life 
Prinze Benefits Insurance Costs 
Maintenance inventory (Level Changes 
Repairs Required ) 
Tools Satety (Gost of workmen's 
tool hKepair Compensation) 
Serep and hework 
ingpection Costs Investment 
Setup Time Original Cest 
bown Lime freignt 
Material Handling taxes (Sales, etc.) 
Material Costs Nandline Charses 
Supplies instellation Charges 
Power Costs 
Floor Space Estimated Serap Value (Old and 
Subcontracting Costs few Litem) 
Veterioration 
Obsolescences UeVENUs 
Rate of Cutput (Old and iheav 
time Shape of Cperating item) | 
COSsts Remaining Econemic Life (Cld 


and New item) 
iime Shape of tarnings 





A 


the aetual elements utilized are dependent on the 
technique or formula employed in making the investment analysis. 
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be used, an opinion was formed that the selection resulted more 
from the writer's educational background, experiences, personal 
judgment, and the availability of the data, than from scientific 
study, 
in the preceding paragraphs the factors and elements 

that are used in making the repair, replacement, or investment 
Gecision were diseuesed as facts that exist. Sothing can be 
farther from the truth, For reasons that they did not state, 
the majority of the writers did not discuss the problen of 
gathering the data, This is comparable to a doctor who 
prescribes a certain medicine for one of his patients without 
knowing whether or not it is evaillable in the local phermacy, 
While net venturing any principles which sovern the recorid- 
keeping, Terborgh did say that: 

o « « work of the investment specialist can be greatly 

fecilitated by the keeping of records pertinent to his 

analysis, such as maintenance expenditures, mechine 

hours yorked, down time, spoilece of work, and other 

items. 

The maintenance of current and accurate property records 

and the keeping of reliable maintenance and cest records are 
essentiel to a controlled maintenance program, and are kept by 


many of the larger and/or more progressive business firns.¢ 


fovwever, as stated in s research preject conducted by the 





lterbergh, p. 22. 


éRichard J, Hanwell, "Controliing rlant and squipment 
Losts," Corcoration sxreesurer's ang Controller's tiandbook, ed. 
wiliian voris (New York: Frentice-Hall, inc., i$50), p. 300. 








=. LS Ee 


eee & 
| PS ee * S6 - >< 
ee dd ailfihh——_——_—! oa * - 


~ BS 
-_ 


| rr EEE — = 


O PPM % Mec ma, 





24 


Ministry of Labor and unployment, Government of india, 

the expenditures incurred in repairs and maintenance is 

an important influencing faetor in the replacement of 

fixed equipment, dut firms generally find it difficult 

to maintain separate accounts of repairs and maintenance 

for individual items of equipment; at best they keep 

accmumts for groups of assets. 

the forces that seen to have the greatest effect on the 

task of record-keeping, and which seem te create most of the 
problems in this area, are the cost of record-keeping versus the 
funds evailable for this purpese, the validity of the data that 
has been recorded, and the use made of the information collected. 
It costs money to maintain records and it is not often that the 
expense can be justified if theirs sole use is for investment 
analysis.“ ihais is particularly true if the analysis action 
gecurs irregulerly or infrecuently, The validity of the data is 
affected, not only by the accuracy with which it is recorded, 
out also because history never repeats itaelf~-at least, history 
never repects itself to the extent that new assets have emactly 
the same cost expenditures as the old ones which they replaced, 
in many organizations it is questionable whether the reeordins 
systom is kept to record the date or the data recorded to 
perpetuate the system. The importance of knowing the use to be 
made of the information collected was stressed by fexrborgh, when 
he said: 


without a good analytical technique for individual investment 
projects, no amount of system and organization can produce 





| -eplacement Costs in Industry, p. 6. 


everborgh, wp. 22% 
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satisfactory results, Once a good technique is adopted, 
on the other hand, the creation of an appropriate 
adainis¢retive setup for its application is comparatively 
simple. 

in spite of the cost and difficulties involved, it is 
desireable to make specific money estimates of the cost and 
revenue flows that ere affected or will be created by the 
investment cecision that ig made. hen the cost elements are 
net available from records, or their validity is questionable, 
an enginsering or operation study is normally made. in this 
regpect there ig no difference between a goed operational study, 
which consists of the same cost elements for one systen 
(technique or formula), and a good one for another; in fact, 
the analyst does net need to know at this stage what formule 
Will be used,” 

Knowing the fectors and the cost elements used by modern 
businessmen in making the investment decision does not 
necessarily portray the rationale or process actually followed 
by the decision makers. VYancil has summarized the rapair- 
replacanent-investment decision making process as follows; 

in reaching a final decision about 3s proposed new 
investment, most businesemen use some variation of «4 
tTreo-step approach. 

1, lKeduce as much of the information es possible to 


quantitative temas and summarize it into one figure which 
measurea im some way the ettractiveness of the investment. 








tipid,, De 6. 


“ipid., p. 2. It should be noted that lerborgh does 
net consider many systems, other than his own, to be good. 
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2. Use personal knowledge and experience to decide 
whether the risk of investment, and other subjective 
considerations which are not easily measured are adequately 
compensated for by the quantitetive results measured in 
step i. 

ihe second step is the more difficult one, of course, and 
little practical progress has been made in helping the 
businessmen to exercise their judement on this phase. 


it is the difficulty encountered in trying to accomplish 
this secend step that has motivated the more optimistic writers 
in this field to review, revise, or invent techniques or 
formulas that will facilitate the quantifying and interrelating 
of the data used. 

While not claiming thet their techniques are scientific 
in nature, the authors of the Literature on investment analysis 
are trying to use methods whose characteristics resemble those 
of the scientific method as it was described by Alain Enthoven. 
Those characteristics are; 


First, . .« . the method... is an open, explicit, 
verifiable self-correcting process .. . e 

Second, . . . [the| method is objective... . 

Third, . . . each hypothesis is tested and verified by 
methods appropriate to the hypothesis in question... 
historically, et _cetere .... 

@ ® @ © vw @ 2 e e a @ td 4 @ ~ e ® @ © @ @ e @ « 3 ® @ @ @ ® 

Fourth, «© « « INE SS SPAS Te aspects are treate 
quantitatively o @ @« @ 


Ane so it must be if there is to be further improvement in this 


field of decision making. 








lyancil, p. 56. 


éenthoven, p. 154, 
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in the next Chapter the mechanies of the investment 
techniques most commonly discussed in the literature will be 


presented, 





CHAPTER i111 
SECHNLQUES OF LNVESTHENT ANALYSIS 


This country too has ite quota of mechanical zombies, 
One reason for this condition--though by no means the only 
one--ls a frequent lack of understanding by business 
management of the principles properly governing the 
economic Life of a productive facility. There are 
available, of course, a multitude of “replacement formulas,” 
but unfortunately most of them are too complex for the 
averese executive. iven more unfortunately, they yield 
Widely different results when applied to the same set of 
fects; henee it is often more difficult to decide which 
formula is correct than to apply the one selected. For 
these reasons it is not surprising that elaborate 
mathematical procedures for timing replacement have only a 
Limited currency in American industry. They yield in 
practice to a simpler application of “businees judgment,” 
aided frequently in lieu of a more scientific formula, by 
some simple rule-of-thumb rest thet happens to be favored 
by the executive concerned. 


The emphasis of study and improvement in investment 
analysis has been in the techniques and formulas that have been 
developed to quantify the reaults of capital expenditure. 
However, before coming to the conclusion that this weighty 
problem hes been solved, let us consider what Vancil has to say: 

Any quantitative measure of the attractiveness of an 

investment project is nothing more than a collection of 
assumptions and estimates about the future. A good 
analytical procedure for dealing with these estimates is 
Gesirable, nevertheless, in order to summarize the estimatea 


into one or two meaningful figures and to avoid any flaws 
of logic along the way . .. 








op, 15-16, 
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liowever, because there have been improvements in the 
analytical technique and because it is desirable to have “good 
techniques,” "to sumnarize," and “to avoid any flaws of logic," 
it does net follow that the formulas in use today sre either 
Logical or good, 

Before exemining the rationale of the six most commonly 
described techniques, it will be helpful to review the objectives 
that Lean and Terborgh have set forth for good investment 
analysis systems, Dean said that: 


« « « & good yardstick of investment worth should swuwraarize 
in a single figure all the information that is relevant to 
the decision whether or not to make the particular 
investment, and none that ies irrelevant. it should be 
applicable to all types of proposals and should permit 
eppraisal in terms of a single set of standards; also, 

it should provide an index that is relatively simple to 
compute; once the basic data on the proposal have been 
assembled, the operating people should be able to measure 
the project's worth easily and without any need to explain 
hew tney do it. Finally, the yardstick should permit 
simple adjustment to allow for ranges of uncertainty in 
the earnings estimates, since ome of the facts to be 

taken into account is man's inebility to see very far 

into the future with any great precision. 


The requirements for a good formula, as they have been 

listed by Terborgh, are as follows: 
1, it must solve the right problem. 

lts assumptions must be clear and explicit. 


a. 
3. it must project future deterioration and 


obsolescence, 








lpean,"GontroLling Profitability," Harvard Business 
Review, January-February, 1954, p. 123. 


2verborsh, p. &. 
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4, it must ellow for different service values, 
The allowance for obsolescence should cover service~-value 
obsolescence as well as cost obsolescence. 

5. it must allow for income tax. 

6, It must handle both present amd future salvage 
values, 

7. it must accommodate future cepital additions. 

&, it must be adaptable to a wide range of projects. 

GS. it must provide a consistent ranking procedure. 

id, it must be simple to apply. 

The six theories that prevail in the Literature are: 

1, The Intuitive Method. 

2. The Strict fsy-Out Recuirement Method. 

3, the Discount-Cash-flow Method. 

4%, The Annual Coast Method, 

>. the Present-Worth Method, 

G6. Formula and Charts by Machinery and Allied 


Products institute. 


he Intuitive Method 





the intuitive Method, sometimes called the “hunch,” 
the sixth sense, or even judgment, is concemned by all of the 
writers in the field; and yet it is the oldest anc most 
frequently practiced method. While disappointing, thie should 
not be too surprising, for prior to korld war 11, the state of 
our technology was not changing very rapidly. The manager's 


pass emxperLence and the empirical data thst had been accumulated 
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were sufficiently accurate in projecting estimates of future 
costs to be useful in making capital expenditure decisions. in 
today's age of dynamic technology this is no longer true; to 
make matters worse, the simple ratios and other mathenatical 
formulas are now less than adequate to evaluate the numerous 
and varied alternatives that face the decision maker, So, just 
wnen the businessman needed help the most, his traditional 
formulas felled him and he had to rely, more strongly than 
before, on “personal judgment." Intuition is net a sclution-~ 
it ig the problem, for, as Business Week hae aptly put it, 


‘The trouble with intuition is, capable men don't agree," 





The Striet Pey-Out Kequlrement Method is alse known as 
the “short pay-off" and as the “pay-off method." it is the 
oldest of the formalized methods of rarkins investment 
opportunities.“ im ite simplest form it is the expressed 
relationship between the required dollar amount cf the investment 
ana the estimated initial annual operating advantese from the 


project. its formula can be exoressed as follows: 


re) tei 3 PS bf hnaneieanentaey ennar=ananiete” tialamnel 
Pay=Out Preriod Annual Saving 


The anrnusl advantage is divided into the investment to sive the 


pay-out period, hug, if the initial advantage is $3,000 and 








° 


‘ediming New uquipment for Hishest rrofit,” cusiness 
Week, July 30, 1955, p. 84. 


éGla and icherd, p. 6. 
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the investment is $10,000, the pay-off period is 3.33 years. 
this method has been criticized by most of the writers, 
particularly Terborgh, Dean, and Worton., Terborgh has stated: 


The basic idea of the device seems to be to find the period 
of time it will take to recover the investment in a project 
from the resultant cash flow available for that purpose, 
im other words, to find the cash breek-even point... 
it must be obvious, first of all, that the pay-off period 
so Gefined is not a gauge of prospective profitability, 
but rather of the tuznover rate or Liquidity of the 
investment ... . Gbviously the mere recovery of an 
investment to cash yields no return at ali. If there is a 
return, it must be because of additional receipts from 
comiitments over and abeve this recovery. 

fhe popularity of the short pay-off requirement is 
unfortumate both for industry and the country. for, as 
currently employed predominantly for periods of three years 
or less, it isa a dreg on progress without, justification or 
excuse save the advantage of convenience, 


Leen has stated: 


Payout peried... - is a misleading reasure of capital 
productivity. 

it can be used es a coarse sereen te shorten the analysis 
ef the best and worst capitel proposels. Paybeck, however, 
has basic defecte: it overweighs the importance of 
lLicuidity, ignores capital wastage and fails to take into 
account the earnings of the project after the initial 
outlay has been paid back . ... Payback, consequently, 
is neither inclusive enough nor sensitive enough to be 
usec as the company's primary measure of investment worth 
in most situations. 


fiorten has stated: 


this methed is supposed to have the advantage of 
simplicity, but it is really not at all simple when full 





lverbergh, pp. 29+30, 


A joel Dean, verre budsetine (ew York: Columbia 


University eresas, 1951) . aes 


3Jwel DOAN , 
American Management Association, 






enditures (New York: 
1553), re 
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consideration is given to all of the factors that should be 
congidered, i cannot conceive of any situation Wiese some 
other method would not be better than this method. 
The attitude of these writers is neatly summarized by 
Glm and Eichard as follows: 
the strict pay-out .. . derives its importance not from 
the intrinsic worth but from convenience of application--~ 
e@é evidenced by its widespread use by execytives in 
channeling funds for capital expenditures, ¢ 
however, it is suggested that businesaemen use this 
methoGg in considering when the invested money would asain be 
available, After all, there is still seme truth to the old 
adage--"Une bird in the hand is worth twe in the bush.” while 
they did not state this idea in so many words, several writers, 


who were more operationally orlented, hinted at it.? 





Low Method 
the Liecounmt-Uash-ilow Methed, develored extensively by 
Joel bean, has ociten been referred to as “Dean's Methed.* In 
its simplest form it is known as the rate of return of the 
investment. its underlying orincicle is that, if the true rate 


of return of the investment is the rate which equals the present 





lpaul i, horton, Jr. oeme industrial yrectices in 


Capital coods, Acguisition, ana Keplecement, An tvaluation of 
Analytical Techniques of engineering Lconomy, Yrapera cf 


ingineering Leonomy Committee (Urbena, I11.: American Society 
for Seninoewtbe Education, June, 1954), p. izi,. 


* and fichard, p. 8. 
“seheuble, Harvard Business Keview, p. 35. 


Also "Capital budgeting-~how to Use it Constructively,” 
dangsiation of ts of LComsultins Me wers seporter, 1958, 
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value of outlay with present value of uniform cash earnings over 
the life of the project, then the ratio of these flows, wren 
discounted at the true rate of return, is equal to unity.! ‘the 


following ecuation expresses the method of solution: 


m 


a JU a 
Sere 


<-mc 6=— 


est. 


where JU = uniform cash earning flow, 
v= true rate of return on the investment, 
1 = amount of investment, and 
successive values of © are substituted on the right hend 
side of the equation. The annual earnings are 
divided by the investment to yield the rate of 
return, 
in this form, as is pointed out by several authers, the equation 
de the reciprocal of the pay-out formula. 
while several writers expressed a Liking for the overall 
approech of this method, Terbergh and the Machinery and Allied 
Products institute classified it as a rule of thumb device, 
they explained that this method gives no clue to the rate of 
gyeturn recuired and that it states «as false profits what may be 
relief from losses caused by the unnecessary deferment of 
replacenent.3 Terboergh goes on to say: 


Any device or formula for replacement enalysis that does 








Jolm and Richard, p. 3, 


Hilton i. spencer and Louls Siegelman, Manarenent 
weenomics (Momewood, LL1,: Hichard 4, Irwin, Inc., 1959), p. 389, 


SMAFL , Replacement Manuel, p. 4. 
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not explicitly nail down these variables ( guture 
development ¢ | by estimation and assuaption is a snare and 
a delusion. 


ethod 





Lhe Annual Cost Method may be defined as eae basis for 
comparison for nonegjuniform series of money disbursements when 
money has 2 time value, Noxton defined the objective of the 
method as the determination, by means of replacement studies, of 
the annual cost of owning and using one or more proposed mechines 
and of continuing to own and use a present machine,’ Of the 


varLous methods of making the investme 





% studies, the annuel 
cost of capital recovery with e rate of return seems to be one 
of the more widely used systens.* 

in computing annual cost, investment is multiplied by a 
capital-recovery factor. The formula for the capitai-recovery 


factor (erf) may be stated as follows: 


<_ 


s i+j)? 


where i = minimus attractive rate of return, and 


nhs number of years with interest rate, i. 





lipid. , p. &. 


2. 
“pugene L, urant, £3 i, 
(ew York: Columbia University Press, 





3uerton, p. 122. 


Som end Richard, p. 12. 
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The following exemple from Grant's work will illustrate 
the method more clearly: } 


Machine aA 

investment = $10,000 

Annual disbursement in conmection with 
oe@nership = $2,000 

Life of Machine = 10 years 

Minimum Attractive Rate of Return = 6% 

Capital Kecovery at 6% = ($10,000)(9.13587)= $1,359 

Annual Uiebursements 7 £000 
Total Annusel Cost 2 53,9 


Machine & 

Investment = $7,000 

Annual Disbursement = $2,500 

Life of Machine = 10 years 

Minimum Attrective Rate of Return = 6% 

Capital Recovery at 6% = ($7, 300) (0. iad «= § 95] 

Annual Disbursements 2.5 
Total Annual Cost = $3,4 


Thus it may be seen that Machine A has the lower annual cost. 
Again Terboregh has a comment to make; 
it is not sufficient to use a future life which gives the 
lowest annual cost of owning and using the preposedc machine, 
because inadequate consideration is given to the fact that 
year by year in the future the mechines that will be 
available for replacement may be expected to become better 


and better in eyeperi von to the machines available in 
Previous years. 


ihe ‘resent-worth Method 


ihe Present-Worth Method takes into consideration that 
a present-worth dollar is the value today of a dollar invested 


at a certain interest rate, a given number of years from today."- 





lerant, p. 87 
2Oim and Richard, p. 13. 


3Claude 5. George, Jr., Management in Industry 
(emglewood CLi£fs, Kew Jersey: frrentice-lHali, ine., 1959), 


Po 265, 
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the formule for computing the single-payment present-worth 


amount mey be given es follows: 
Present-Worth of Meney = Future Noney | can 


The vresent-worth formula ie similer to that for the 
calculation of the discounted-cash-flow method, which has been 
previously ceseribed. The difference seems to lie in the fact 
thet discounted-cash-flow seeks an interest rate which discounts 
future earnings to & present value equalling project cost, while 
present-worth seeks a cost comparison, similar te the annual 
cost methed, Thus, presenteworth can be considered as a basis 
for monetary comparison, as distinguished from the discounted. 
cagheflow method. The present-worth factor for uniform annual 
series payments may bs considered as simply the reciprocal of 
the capitel-recovery factor used in computing the anmual-cost 
method, 

In spite of its disevssion in the Literature, Norton 


contends that the alan eatiemaialates method is seldom ured in 
competitive industry, 


MAPL Method 





The MAPL Method, developed and refined principally by 
George Terborgh, is the most recent and perhaps the most 
encompessing formule that has been devised. Like moet procedures 


for assessing the merits of businesa investment proposals, the 


fw 


PI system is addressed to the two basic questions: 


i. whet is the current annual (next year) operating 





lNerton, p. 123, 


ht 
_ Paap © ny tt 
> —— 


Oe ee ee 


Fl il Ral ctr ine +20 Sl 


) a, i, i i ei EM 


alt a lb eal lt aah mm et iin 
; —— ed Oe ee Pe 
i i et a — — 
0 ee a eee se ee 
PL et eee & Fe Pee 





~* 





, ~S ei Eee « ae ee eee 
a ee a hie € tae - 


———est = eae ieee’ Gee) ae he om 
———— A ee eo 


=~ @o =! 





38 


adventage from the project and by how much will it improve the 
operating results of the business? 
What is the investment merit of the project (rate 
of return) 7! 
The approach that, to Terborgh and his assistants, seems 
to meke the most sense 
» » « Gerives the rate of return Uy Beapan ine the initial 
annual operating sdvantage, af tex and 
; m, with the initia investment the initial 


a Po 4f there ere disposals incident to the 
project) ° 2 






The determination of this rate of return is not as simple 
as it might appear. this approach 


would give the right answer if the correct figures were 
supplied. . . « it may be possible to meke a reasonable 
estimate of the initial annual operating advantage from a 
project, it may be possible to estimate satisfactorily the 
investment required . . . ponsible to compute the income 
tax chargeable ageinst the initial advantage and to obtein 
this advantage after tax, fut it is net possible to say 
what further charges should be mede azainat this after-tax 
advantage for the Llnitial annmuei consumption of the projegt 
investment. This is the missing Link in tne calculation.-~ 
¥ % * # s * » * * * 6 rd] * 5 a 2g 2 

This is a real headsche; not only Le it an unfamiliar 
magnitude to estimate (new investmert, the operating 

advantage, and capital consumption avoided being by 
comsarison commoenplece); it is crucially impertant. for 
the reeult of the calevlation is highly sensitive to 
vevianes in the fisure supplied,* 


Terborgh and his MAPI eellesazues have siven continucuse 
and imecimative effort to this task of providing businessmen 
with a simple and quick method of approximating their projects' 


first veer capital consumption cost, This effort hae Led to the 





‘texborgn, p. 31. “Ipid,, p. 34. 


*Lpidi., Pe 34, “ibid, p,. 66, 
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creation of a set of standard charts, The charts themeelves are 
produced from an elaborate mixture of: the rate at which the 
new oroject's earnings will decline; the service life of the new 
equipment; its final value for sale, trade-in, or screp; the 
Corporate tax rate; the company's depreciation system; the 
ratio of the company's debt to ite total investment; the 
interest rate it pays om borrowed capital; and the after-tax 
return it gets on equity eapital,! 

ihe MAPE charts have pre-computed all of these things. 
They have asswuned thet a 25% debt ratio, a 3% interest rate, 
and a 10% after-tax return on capital are about the normal for 
most companies, ‘there are three charts beceuse MAPI offers the 
analyat three general patterns in which the earnings of a new 
machine will decline over the years of its service Life. In some 
cases the annual earnings predicted for the new machines will 
have declined by one-half by the time they have worked half of 
their service Life; in others, annual earnings will have 
declined by only one-third when the machine's service life is 
half over; and in seme cases, annual earnings will have shrunk 
by two-thirds when half the new machine's estimated service life 
is gone, 

The Logic upon which the MA?I Method is based is as 


follows: 





‘ipid., pp. 114-115, 
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fer most projects the absolute rate of return! eannet be 
estimated. | 

> ££ FF @BPentktseLwF assent £2 Be RB Bee Be st FF wee st kee ss hUvrSlUmhCO..lUmDlmUlC<C tC‘ 
With the exeepticn of independent projects it normally 
misranks even those for which it can be estimated, 

i ca | i i a | J | a a a 
the remking, factor muat therefore be some Kind of relative 
return,“ 

a. a naeteettk 2» @ @w es «= FF & a 24 2 & FF DB FF VE CF es FF ££ HS SS 6 6©B.hCOUS 
im view of the feet that there are nisnerous relative 
returns for the same project at the same peint of time, it 
is neceszary to identify the one that reflects the real 
urgency of the prajeet to the business, 

a, @GnAiiezt wee wrskpegte#etegtcqestw@?tWteFs @8&#ste FaectiekLitietetw#anaA «ast ss FF *« 
cince these returns are relative to going on without the 
project for various periods of time, the basic problem is 
to eer the right period of o— development. 

ee sf = * | a #¢ 
the worse the deferment with which & " pre ject is compared 
(the larzer the losses that would be incurred in its 
absence}, the higher the relative return, the better the 
alternative, the Lower it is, 

What o project can make ae apainst bad deferment alternetives 
is of no consequencs so long as better ones are available. 
ite real urgency ies determined by what it can meke asainst 
4ts beat alternatives, 

* ese oe * @ F&F § FO een te tie Si ee Ell i 
Simee the best deferment alternative is the one relative 
to which the return from a project is the loweet, the lowest 
relative return obteineble is the measure of urgency. 


* 4 . S c ¥ ® 3 * % * bd é e * q @ * + o a * s Sw ? § e » 2 a 








‘verborgh defines the two kinds of returns on page 39 
by saying: 

Basically, there are two different kinds of returns from 4 
project, which wo shall call “abselute” and “reletive." 
the absolute return depends on the excess of ELE. revenue 
aloe e¢_] by the project over the operating ec incurred 
ae t. Since there is only one stream of revenue end one 
ef costes, there is necesearily only one stream of differance 
between the two, hence only one absolute rate of return 
besed on these ef The reletive return, on the 
other hand, depends on the difterence between havine the 
ro. leet and LOLs, without. Lt for a specific ver fod. Gf time. 
Here there may be as many rates of return as there are 
possible perieds ef deferment. 


t1bids, De 39. 
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it follows that the problem of investment analysis is to 
estimate minimum relative returns. 

s ® e @ @ @ ¢€ @ ® * e « ¢ 2 e ® 8 3 a r 9 t e 
These minimum relative returns are the ranking tattaxté WO 
are efter. 


fheee minimus relative returna are arrived at by 
determining the minimum relative return for esch project by . 
using the MArl fommulea. this fommula, which uses five magnituces, 


may be expressed as follows: “ 


(ilenoar takes) aii=2 x 100 = % 

Fate of Return = 2+3-46-5 x i100 = % 

(with tax) 1 
where; 

1 = net investment, 

2 * next year operating edvantage, 

3 = next year capital consunption avoided (loss 
in Gisposal value + next year's allocation of capitel additions 
requirad) , 

4 = next year capital consuaption incurred 
(depreciation of new item), and 


5 = income tex adjustment. 


ine setual mechanits of the MAFI system consist of 
recordings the date which leads to the finding of these five 
magnitudes on 4@ prepared form. while MArl recommends that each 


firm using this method develop a form that will meet its 











% 


+ tbid., p. 57. “ibid. pe 60. 
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particular needs, the formn must: 

1. Show the urgency rating of the project (the 
next-year after-tax return on net investment). 

2. Show the next-year gain from the project, in 
Gollars, as compared with soing on without it for the year. 

3, Show the next-year net gain, in dollars, after 
tax, 

4, Show the next-year capital coneimption. 

3. &rrovide the data necessary to find the rate of 
return on ecuity capital. 

G6. Make it possible to compute the rate of return 
On the cross project investment. 

7, Show how much of the net investinent will be 
recoverec to cash during the year as compared with goinzs on 
without the oroject. | 

The sechinery and Allied Products Institution believes 
that their method offers certain advantages over other methods 
of investment analysis, The adventages claimed for theix systes 
are: 

1, it takes future deterioration and obselescence 
into consideration, 

2. it takes cognizance of revenue difference as 
well as cest difference. 

3, it is applicable to a combination of raplacement 


and expangion projects. 
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4%, it provides a usable measure of the cost of not 
replacing. 

the very factors thet are considered to be advantageous 
by some people are often the seme reasons why others dislike the 
system. So it is with the firet of the edvantages listed above. 
Joel vean is not enthusiastic about this method because “it is 
hard to say that the method produces better guesses about the 
effect of future obsolescence then tinkering with the average- 
cost curve.* He seems to feel that the average minizun-cost 
rule could be misleading to those whe are not wary because the 
formulas used to compute the charts are based on the stiff 
assumotion that operating costs clus obsolescence inferiority 
increase through time slong e straight Line. in discussing 
reasone other than obsolescence which make the everaxe minimus 
coset rule unrealistic, Dean says: 

Chaneses in demand, competitive relations, and price 
structure can restore value to a machine that by the 
minimum-cost rule has beceme ripe for replacement. 

However, these and many of the other unfavorable comments 
that have been made seem to hinge on the fact that the authors 
of the methed are representatives ef equlpment manufacturers, 
in recognizing the Limitetions of their own method, MArl made 


this comnent: 








imael Replacement Menual, p. i6. 





2o1m and Richard, p. 15. 


Sibic,, p. 16. 
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Certainly you are better off with a rationally contrived 
guide to judgment, whatever its limits, than with the 
hocus-pocus that now passes for replacement analysis. With 
a good formula you will still miss the bull's eye in 
individuel cases but you will develop over a period of time 
& better averase score than by peoee ings blind. in the end 
it is your average that counts. 
in the preceding two chapters the aspects of the 
investment cecision most commonly discussed in the Litereture 
have been described. The Inack of current written material tends 
to make one wonder whether new methods may have sprumeg up, or if 
sone methods may have been overlooked in the research process. 
in Chapter IV the results of a survey are vresented from which 
an opinion can be derived about the existence of such a 


possibility. 








1LuAPT Keplecement Manual, p. if. 








GHAFTER LV 
& SURVEY OF POURTESN CORPORATIONS 


the routine replacement fallacy maintains that scheduled 
periodic replacement of capital facilities is a practical 
and profitable substitute for en individual investment 
analysis of the economic desirability of individual 
replacement. For example, many fleet owners replace motor 
trucks on a routine basis (i.e., after a certain number of 
years or a certain number of miles) rather than by finding 
whether sdded net earnings from replacing an old truck with 
a new one a produce an adequate return on the added 
investment, 

One of the objectives of this paper is to determine the 
factors which influence businessmen in making their decision as 
to whether ox not to repair or replace equipment items. The 
method that was chasen to accomplish this objective involved 
researching the Literature for a tentative answer, the tentative 
answer war then to be verified by specific inquiries to gelected 
corporations. 

in the preceding chapter a listing of the factors and the 
@lements has been given; however, it was seen that there are 
GQiiferent opinions end mixed emotions about how they should be 
utilized, Fortunately these authors are not as divided in regard 
te what it is that should be determined from these criteria, aa 


they are in regard to what the criteria should be. Most of the 





| 
*Dean, “Measuring the Productivity of Capital,” 
ligevard gusiness Review, January-February, 1954, p. 125. 
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writers are in agreement that it is the economical Life of the 
item and the rate of return that can be echieved which they are 
interested in determining. 

while the objective of the survey was toe verify the data 
found in the primary Literature, it was by no means the only 
objective. The purposes of the survey were to discover whether 
the factors of the repair-replecement decision making process 
{as discussed by the writers in the field) were actually used 
in American business; if there were factors being ueed in 
business which hed not been described in the writings; what 
importance businessmen attached to each of these factors; which 
hierarchical Level set the poliey fer equizenent repair and 
replacement; and which hierarchical Level actually made the 
repair-replaceament decision. 

Im selecting the corporations to which these guestions 
were to be sent, three general guidelines were developed. 
First, the firms that were to receive inquiries had to be 
ascertainable as owning or using a large number of overating type 
equipments (versus manufacturing equipments). second, the 
businesses were to have extanded and diverse operations. This 
was the most dirfieutit of the suideiines with which tc comply; 
@ll of the firms replying have diverse operations, but in two 
cases the size ef the seographic area covered by their operationa 
wae thet of a single larse metropolitan erea, Finally, the size 
of the orzeniaetion Wee a getermining factor, All firme to which 


inquiries were sent have property (equipment or operating assets) 
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valued (after consideration gor depreciation) in excess of one 
million dollars. 

A tetal of twenty-one corporations was selected and each 
was sent a questionnaire consisting of six questions. These 
queetions and the replies received are given in the latter part 
of this chapter, The majority of the business entities chosen 
(Table 3) are engaged in renting, leesing, end/or providing 
consultant service for motor trensport fleet operatione. The 
prime reason for selectines firms involved in automotive fleet 
operations and/or leasing operations is that organizations so 
engeged are easily identifiable ag meeting the guidelines set 
forth above. Another factor taken into consideration was that 
im many respects the problems encountered in manasings a motor 
vehicle fleet are more nearly parallel to the military situation 
than other aspects of civilian business operations, ‘Sut, though 
Similar, it would be incorrect to concentrate on motor vehicles 
for this reason alone. Although the firms in this category ere 
primarily engaged in motor vehicle operations, they also lease 
or manage aircraft, mining equinment, locomotives, barres, 
production mechinery, and office eauipment. 

to enhance further the diversity of the survey, 
information was requested from four other general types of 
busimesses. Two of these general catecories are each represented 
by a sinsle firm. One ef these corporations owns, leases, and 
repairs (their own) railway cara of varlous types and models, 


ine other owns and operates marine ecuipment, which is used to 
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transport suoplies and personnel to off-shore oil drilling rigs. 
ahis firm is presently operating in two oceans and is serving 
foux different geesraphically disbursed major ofl fields. 

ihe inclusion of the third general type of business-~ 
that of office machines and electronic equipment--was stymied 
when information which had been anticipated could not be provided 
by the firm from which it had been selicited. The reason given 
for the refusal was that “company policy" prohibited the release 
of thie information, since it was confidential. 

The final general type of business from which informetion 
was requested was that of the petroleum industry. This category 
was selected because of the ease with which it qualified under 
the rules of selection; in addition, it was desired to eneure 
representation from firms with large formal hierarchies. ‘the 
inelusion of such organizations was desired because the 
organizational atructure of the fepartment of Defense is 
characterized more by its magnitude and formality than by 
anything else. 

the response to the inguiries was gratifying: 50% or 
better in each senerel catesory and 66% everall, of the fourteen 
responses that were reccived, all but three materially edced to 
the findings of the survey. Of the three that did not contribute 
materially to the survey, one firm pertained to the vehicle fleet 
MANaRenent sroup; one to the railway cer leasing group; and 
one te the office machinery and electronic equipment group. It 


je felt that the lack of these three responses does not affect 
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the validity of this study, perticularly in view of the total 
nuaber of responses recelved, 


ALL imquiries were addressed to the presidents of the 





Sorporations. the purpose of this was to increase the response 
and ta see if, when the task of replying was delegated, any 
pattern of hierarchical level ox functional area would develop. 
AS Was expected, such patterns did develop within the general 


buginess zroupings. The exact trends are shown in Table 4. 


TABLE 4 


TITLE OF RESYORDER BY BUSINESS CATEGORY 







ot 





sype of Cusiness 





Title tity 





Petroleum | Comptre Ller: 
AgsiLetant Comptroller 
Ngr., General Account 


peoartmant 
Vehicle Leet Manazenment® President 
Secretary to tne 
Fragident 
Viee Presidentb 
Unidentified 
Felleway Car Leasing President 
Office & Lieetronic Federal Special 
KLquLpment s,epresentative 
Marine fransportation wireactor of Research 
Service and Development 





coroorations in this categery algo lease or manage 
naterial hendling equipment, bugses, airplanes, helicopters, 
Locomotives, barges, mining equipment, production machinery, end 
office aquipment. 


Done Vice rresident was specifically identified ag Vice 
vVreeident of Cperationg. 
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in the lerger more complex petroleum firms the enewere 
were provided by personnel bearing titles that would indicate 
they verform controLllershiv funetions. As wiil be seen in the 
anewers to the survey's questions, these orgenizations know whet 
is meant by financial management, and they are using it es a 
tool in mainteining control over capital expenditures, 

the replies from the firme engaged in the operation of 
equipment, primerily for the services of others, were signed 
almost exclusively by top management officials, It can be 
assumed thet these are line personnel directiy involved in the 
operation of these aseets., within these orzenizations it can be 
hypothesized that the investment decisions are lees routinized 
and more intuitively resolved than those in the petroleun 
industry. As elways, however, there are exceptions; one of the 
larger fleet management firms maintains detailed records on 
40,000 vehicles and has developed sets of specific standards for 
the rep Lacexent of equipments. in apite of the techniques used, 
managenent makes or reviewe all decisions that are made. 

An indieation of the importance placed on the investment 
detision can be gained by grouping the replies by the titiec of 
the signer, uch a sixmnary is given in Table 5. The title 
appearing most frequently in the respenses was thet of Vice 
President; there were four of these. ine noxt most common 
titles were those of “resident and GomptreLller, of which there 
were two each. Adding to thege the responses signed by the 


birector of esearch and Sevelepment gives & totai of nine 
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TABLE 5 
~ UMMARY OF RESPONDERS BY TITLE 





title | Quantity 

yresident a 
Viee President 4 
Secretary to the President 1 
Comptroller | 2 
Agsistant Comptroller 2 
Menager, General Accounting 

Department 4 
Director of Research and 

Deve Lopment 1 
redsral Special Representative d 
Unidentified } 

Total 14 


weplies, oc 64% thet were signed by upper Level (corporate) 
managenent. This is taken es a positive sign that replacement 
decisions are important and that they have a vital influence on 
the “economic Life” of the company itself, 

lhe actual questions asked and the replies received from the 
individual firme are given below, sreuped by seneral business 
eatesories. The designetionse-Firm A, firm &, etc.--that 
identify the individual replies do mot identify specific 
corperetions, under cach question these titles identify 
different firms. Thie has been Cone in order to respect the 
confidential pAtuee ¢! some, but mot all ef the renlies. \‘«ith 


the excention of Ywuestion 2, there are two tables inmediately 
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following each question and the replies thereto. The first of 


these tables is a summary by type of business of the nunaber of 


replies received, and the number of usable answers to the 


question. The second table is a summary cf the actual replies 


te the question. 


Question Number 1.--what criteria (factors) and/or policies are 


used by your firm in deciding whether to repair or replace itens 


of equipment? 


retrolewn [ndustry: 


Fism A: 


Firm 6B; 


Firm €: 


heonemicel evaluetion of dollars involved. 

Alternative repair~-replecement 
possibiliities. 

Safety standards, 

Gepaixr capability. 

Availability of replacement itene. 

Legal considerations. 


Comparative cost of repairs vs, replacement. 

oafety. 

Lost time and loss of production for each 
method. 

Operating cost of resulting syste. 

Availability of on-hand replacement 
equipment. 

Adaptability to expansion. 

Adaptability to automation. 

Comparison of required useful life and 
useful life after repair or replacenent. 

ALL costs in present-e-worth dollars, 

ALL cosets in actual dollars, 


Capacity of repaired item to function and 
maintain competitive position vs. 
replacement with updated new iten, 

Anticipated required life of item, 

Leonemic advantege of repair, 

bepreciated value of item 

Cost of replacement va. repair. 


<a, lll, i nila iil. = Silt 
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Firm vb: 


Yehicle Pleet 


Firm A; 


Firm Bs 


Pirm t: 


Fitm 9D; 
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late of return (discounted-cagh-f low). 

Age. 

Mileage. 

Alternative possibilities. 

investment coste. 

Operating costs (old and new). 

Obsolescence. 

Timing replacement to ettain the Lowest 
combined actual depreciation, operating, 
and maintenance costs. 

Market value of trade-in. 


Original cost of the item to be repaired. 

The amount of original cost which has been 
recovered, 

Degree of obsolegcence. 

Cost of replacement unit. 

Return expected from replacement unit, 

Additional value or productive life repair 
cost will add te repaired equipment, 


Manag enent ; 


lansth of service, 
Total mileage, 


Obsolescence. 


Repairs are made on the probability of 
failure while vehicle is in possession 
of lessee. 

Replacement ececomplished on fixed mileage 
schedule. 


Obsolescence 

Aetion that will result in totel Lower 
cost per productive unit. 

weility gained by the repair cost. 


falivay Car Leesing: 


Firm A: 


Past experience. 

Statistical repair data. 

Cost of repairs versus remaining revenue 
that can be earned. 


Marine Transportation vervice: 


* a 
Firm Bs 


Obsolescence, 
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TABLE 6 
NUMBER OF USABLE REPLIES TO QUESTION NUMBER 1 





total Sumber Replies to 4 
of Replies | Question #1 











Type of Business 


i 



















Petroleum industry® 5 125% 
¥Yehicle i leet Management ® 5 71k 
Kallway Car Leasing j 100% 
Marine irensportation 
service i 100% 
Office & LLectronic 
noulpment 0 O% 
Total iz BE % 






fone firm returned two usable answers--one for 
exploration and production operations and one for product 
merketine operations. 


“Corporations in this category also lease or manage 
material hendling equipment, busses, airplanes, helicopters, 
locomotives, barges, mining ecuiipment, production machinery, 
and office equipment. 





| i. : 7 ? | 
: iy 
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TABLE 7 


PACTONS APFECTING INVESTMENT ANALYSIS AS REFORTED 


BY CORPORATIONS SURVEYED 


Factor 





Gbzo Lescence 
Loonomic Ovaluation of Vollars Involved 


Alternative Possibilities 
Availability of Replacement Items 
Age 


HiLlease 

Amtiecipated Required Life of Item 
Safety 

Statistical Mepair Lata 
investment Costs 

Operating Costs 

Utility uained by Sepair Cost 


Lost Time and Loss of Froduction 

Market Value of Trade«in 

Gost of Criginal Item 

Amount ef Original Item that has been Recovered 

Timing Replacesents ta Attain Lowest Combined 
actual Depreciation, Operation, and 
Maintenance Costs 

Cost of fSepairs Versus Remaining Revenue 
that can be czarned by this Asset 

kepair Capability 

Aéaptability to ixpansion 

Adaptability to Automation 

Legal Requirements 











Number of 


Firms 
Reporting 


rire = PIPOPE MOR Hh tet chs 


feat 


feud freh few feud grant 
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Question Number 2.--Wwhat weight or importance, relative to the 
other factors, is siven to each of these criteria’ 


Petroleum industry: 
tirm 4; The weight attached to each factor varies 
with the situation; however, safety 
end loss of production rank very high. 


Firm 5: Obsolescence, . « ree og FR 
Required Life of ites * 2 © @ @ *@ 20% 
Leonomi.ec advantase of repair. . . 15% 
veprecLlation, esenisni@atkit a 


Cost of replacement versus 
TOPO aot se ene bwe weiss 


Firm C; Pinancial economics governs in making the 
investment decision except when other 
factors mey be of sufficient importance 
to warrant epecial consideretion, 


Firm Db; Kepaixrereplacement decisions ere normally 
made on the basis of the economic 
evaluations, but other factors may 
influence them, 


Firm &: The capital budset process interrelates 
the factors listed in Guestion 1. 


Vehicle Fleet Management: 


Firm Ai Whether og not to repair a vehicle depends 
on the length of its remaining economical 
Life, It must bo long enough for the 
vehicle to earn sufficient revenue to 
pay for the cost of repairs. 


Sirm 6b: The vehicles visit the ship only once a 
year; therefore, repair work is 
authorized and performed on the basis of 
the probability of future breakdown. 


Other Fiams: Obsolescence is the controlling factor. 
astilway Gar Leaging: 
Yiem At The accomplishment of repair work is 
dependent upon whether or not the 


remainines peried of economic Life is 
leng enough to pay out the repair cost. 
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Marine Transportation Service: 


Firm A: Gbsolescence is the controlling factor. 


TABLE & 
NUMBER OF USABLE REPLIES TO QUESTION NUMBER 2 


| Total kumber Replies to 
type of business ef Replies Question #2 


Petroleun industry? 


Vehicle fleet Management? 


Reilway Car Leesing 


Marine Transportation 
service 


Office & Electronic 
LGuLpment 


Total 





&See footnote a, Table 6, page 55, 


Dsee footnote b, Table 6, page 55, 


Question Kunber 3.--vhen considering whether or not to repair or 
replace an iten, what functions or cost elements are ineluded in 
the estimated cost to repair and the replacement costs of an 
item? 
retroleum industry: 
Firm A: Item F.O.5. supplier. 

Freight, 

seles taxes, 

Handling, unloading, drayage. 


Preparation or changes to existing facilities, 
Loss of use by change-over. 








Pism 5: 


Piem C: 


Vehicle Fleet 
Firm A; 


Other Firms: 
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Labor=--company or contract. 

Material and supplies. 

Shop expense, where applicable. 

Shutdewn costs. 

Applicable vrorates, 

Purchase price of similar item F.0.38. our 
local storehouse. 


comparative costs of repairs versus 
replacement. 

lost time and loss of preduection for each 
method, 

Operating cost of resulting systen, 


Management } 


Maintenance Costs, 
Depreclation, 


the remainder of the firms in this category 
are the ones that hac previcusly 
stressed the importance of obsolescence, 
in these firms the length of the 
economic Life for equipments is decreed 
by s managerial judgement decision, The 
Lenzths of the econemic life that have 
resulted from these decisions are such 
that most of the equipments are replaced 
pricr to the time that they require 
excessive maintenance. Therefore, 
these firms do not concern themselves 
with any particular cost elemente. 
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TABLE 9 


NUMBER OF USABLE REPLIES TO QUESTION NUMBER 3 
















Total Number 
of Replies 


Replies to 
Question #3 






type of Business 





Petroleum industry® 
Vehicle Fleet Management® 
Bailway Car Leasing 


Marine Transportation 
service 


Office & sleetronic 
Lquipment 


lotal 








“See footnete a, Table 6, page 55, 


Ssee footnote b, Table 6, page 55. 
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TABLE 10 


GOST ELEMENTS AFFECTING INVESTMENT ANALYSIS 
AS REPORTED BY CORPORATIONS SURVEYED 





Cost ef Replacement item F.0.B. Supplier 
Mreieht 

Sales fax 

Mamdling, Unloading, and Drayage Charges 
oite vreparation or Changes to Sxisting Facilities 

Loss of Use by Change-over 

Labore-UCompany or Contract 

vaterials and Supplies 

shep :mpense, shere Applicable 

Maintenance Costs 
Sree Gown Costs 

Applicable rrorates 

lpst ime for Sach Methoc 

foes of Yrodouctioen for Each Method 

Goerating Cost of Resulting System 

vepractation 


Gbeolescence 
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Guestion Number 4.-~«Vvhat hierarchical level of the organization 
determines the criteria and policies to be followed in repairing 


or replacing items of equipmentT 


Petroleum industry: 


Firm A: 


Fiom 8: 


Firm © 
ana ): 


Vehicle Fleet 


oimm As 


Paliey is established et the higher levels 
of manazement. 


ALL company policy is determined at the 
beard of sirectors-Officers level, 
Subsequently, the corporate engineering, 
purchasing, and comptroller departments, 
Glong with the managements of the 
operating companies and subsidiaries 
jointly estebligh criteria for making 
the repeir-replecement decision, 


foliecies are decided at the management 
level, 


Management ; 


rolieies are normally set by management, 
usually a Vice Fresident (in charge of 
Fleet) or the Traffic Manager. However, 
it is more decirable to have the traffic 
manazer of the fleet set the policy 
because he has 2 more intimate knowledze 
o£ the actual physical condition of the 
fleet, 


Yeplaeement policy is established (based on 
obsolescence) at national headquarters. 
the regional managers establish the 
repair policy to be followed in their 
respective regions, 


GriterLa are measured and policy 

recommended at the departmental level. 

A policy comnittee, consisting of senior 
Vice Presidents, rejects or accepts the 
recommended policy, if accepted, the 

eo Liey is then anbodied into the overall 
fiset management policy and procedures 
for the fire. 





iy $e) nes 
i ‘ 
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hailway Car Leasing: 


Firm A: Annually the accounting department reviews 
the repair costs by car, by group, and 
by age, It then sumaits its comments 
on the preceding year's practices and 
sugesests areas for change to top 
managemant. Management then approves 
or rejects the suggested changes. 


TABLE 13 
RUMBZR OF USABLE REPLIES TO QUESTION RUMBEAR 4 


. Tie ae 2d 















Total Mumber Replies to 












Type of Business 





of Keplies Question £4 te 
Petroleum Induetry® 4 4 100% 
Vehicle Fleet Management? 41% 
Railway Car Leasing i i 100% 
Marine Transportation 
Service i 0 Of 
Office & Electronic 
iquipment = ta _&... my. 
Total 14 8 ST 





&See footnote a, Table 6, page 55, 


‘see footnete b, Table 6, page 55, 
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TABLE 12 
MISRADCHIGAL LEVEL AT WHICH POLICY 18 DeTERMINED 


i ARRON te re le ies UR Se IES er enbentindnrengdaeerroaeor dt 2 i aGlRe OME Baa aa ; ot. apa. eal orm, Shenae yall eg Tere 


Sumber of 
Lten Firms Repertiag 





Policy Set by Manazsement 


Yoliecy LCetermined at the Board of 
Directors~-~Ufficer Level 


leplacement vrolicy Set by National 
Headquarters; Sepair Policy 
set by Regional Managers 


Policy jecommended by Departments, 
Approved by Management 


*olicy Recommended by Departments, 
Approved by Policy Comittee 
(Senior Viee Fresidents) 


,OtalL 


Guestion Number 5,.--hich hierarchical Level is authorized to 
make the decision as tao whether or not to repair or replace an 
item of equipment? 

CetroLlewn Industry: 


Firn A: The eutherity te make thig decision depends 
upon established policy and the delilar 
amounts involved. it ranges from the 
Chaisman of the Boerd to field 
supervisors. 


Firm B: The decision to repair or replace a 
particular equipment item can be made 
at a nunber of levels subject to 
specific dollar limitations, The Lowest 
level authorized to make this decision 
is a field superintendant. 
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Firm C; The answer to this question depends upon 
the costs involved. ‘Small jobs can be 
decided by a foreman or superintendant., 


Fira 0: It will vary with the project and equipment 
under review, Within policy and 
authorities for expenditure flelé 
executives may make the decision. 


Firm E: Within the limite of a well established 
policy, a decision to repair equipment 
is frequently mede by individuals at a 
relatively low level in the 
organizational structure, 


Vehicle Fleet Managent: 


Firm A: The service manager makes the repair 
Gecisions., *hen he has doubts ebout 
the desirability of making, a repair, 
ne refers the decision to a higher 
organizational level. 


Fionn Bt Manmapement makes the decisien using “needs” 
ee the criteria, rather than a pre-set 
policy. 


Fizm C: Within the framework cf a netionel 
purchasing pregram, regional menazers 
retain complete control in reszerd to 
repeir or replacement of individual 
vehicles, 


Railway Car Leasing: 


viem A: The Mechaniegal Division has full authority 
to meke decisions on individual repairs. 
they are aided by the Financial Division, 
which furnishes cost data; and the 
Seles Department, which furnishes 
demand, rental, and term date. iarge 
programs are approved by the Board of 
Directors, 
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TABLE 13 
NUMBER OF USABLE REPLIES TO QUESTION NUMBER 5 


Replies to 
Question ¢5 ho 












Total Number 
of Replies 


Vehicle Fleet Management? 









type of Business 









Petroleum Industry® 







Railway Car Leasing 





Marine Transportation 
Service 






Office & Electronic 
Equipment 







Total 


2see footnote a, Table 6, page 55, 


Dsee footnote b, Table 6, page 55. 


TABLE 14 


HIERARCHICAL LEVEL AT WHICH THE REPALIR=-REPLACEMENT 
DECISION IS MADE 








becision Making Level Number of firms Keporting 





Operating Level 


Operating Level or Management 
Level (depending upon 
poliey and/or dollars) 


Management Level 


Total 
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Question Number 6.--Are statistical models used in making the 
Gecision to repair or replace items of equipment? 
Petroleum Industry: 


Firm Ai Statisticel models are not normally used 
when making decisions as to the repair 
or replecement of equipment Ltens. 


Firm &: Various statistical models are used in 
making repairereplacement decisions. 
For low priced=hich incident of 
replacement items, simple statistical 
models based on experience are used, 
while rate of return and pay-out 
evaluations are used on the higher 
priced-low frequency replacement items. 


Firm CC; Experience factors are utilized in making 
the decision to repair or replace items 
of equipment. 


Firm Db: The time value criterion, sometimes called 
“discounted cash flow rete of return" 
is @nployed, 


Firm &: when necegsary and practical, justification 
studies ere made to guide the decision 
making process. 


Vehicle Fleet Management: 


Firm A; Statistical models are used in the 
development of criteria employed in the 
decision making process and in 
programming for vate Frocessing,. 


Firm, b: Of course, but statistics, avereges, and 
&ll other such material should be 
weighed in the face of local facts, 


Railway Car Leasing: 


Firm A: On marginal cars a formula, which takes 
into account the various economic 
factors is applied before a decision is 
made, this formula may be stated as 
follows: 

Te RRe Ee Ow C 
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where; —& 4s the rental rate for the item, 
E is its remaining useful Life, 
© is the operating cost for the 
remainder of the item's useful 
Life, 
C is the estimated cost to repair, 
ANG 
Il is the net income the car will 
produce curing ite useful Life. 
After 1 hae been determined a judgment is 
made as to ite adequacy. if found 
sufficient, the car is repaired; 
otherwise, it is replaced, 


Marine Trensportetion Service: 


Firm A: Statistical models are not used, 


TABLE 15 
NUMBER OF USABLE REPLIES TO QUESTIGN NUMBER 6 























Total Number | Replies to 






Type of Business of Replies Guestion #6 FS 
Petrolewn industry® 5 125% 
Vehicle Fleet Management> Z 30% 
Railway Car Leasing i 100% 
Marine Transportation 

Servier I 100% 
Office & Electronic 

Equipment .'s __ of 

total g G4% 


@See footnote a, Table 6, paze 55, 


see Footnote b, Table 6, pase 55. 
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TABLE 16 
UTILIZATION OF STATISTICAL MODELS 


PR pe EINE EAE. Sil I RE CMe hee HBO Agfa erg ae a RE sempre gap AM AR ES a IDR ARE Et lI... Pa ERED A Safa aga aa See iy Ai ncaa ARE EC Aetie = ee | 





Type of Model Sumber of Finns 
4 di 


neporting 
Zeonomic svaluation of Dellars” 3 
ixperience Factors? Z 
Justification Studies i 
Mathematical vedels and 
Statistical Averazes 2 
Ro Models Used | 
Total 10 








“The term “statistical model" was purpesely not defined 
in the basic question. The captions that appear here reflect 
how the tern was interpreted by the respondents, 

Done firm reported that the method used varied, 
Gepending upon the dollar amounts involved. ZThia accounts for 
having one mere method reported then there were replies, 

“ueneral Comnents 

several of the reaponding firms, in addition to answering 
the specific questions, contributed information that expleins 
further how they make the repnirereplecement decision, These 
additional comments ere siven below, 

Firm At keplaecement, generally speaking, is 
considered a capital budset decision, and as such, is guided by 
conventional project evaluation. When the capital budset is 


developed esch year, prospective projects are evaluated by local 


nanacement and successively screened and accumulated into regional 
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programs, divisional programs, and corporate programe, The 
world-wide capital budget, including motor vehicle projects, as 
divisional line items, is finally subject to approval by the 
Board of Directors. 

Firm b: being a relatively young company with new 
or nearly new equipment, the problem of replacement is not a 
pressing one at this time. 

Firm C: The Office Machine Division, which was 
recently started, does not have the experience in physical age to 
allow us to determine replacement policies, 

Firm Db: Beeause of the many factors that enter 
Ante the analysis of a particular replacement problem, it is 
rather difficult to answer "these questions" by correspondence, 
Experience shows that the enswers will vary depending upon the 
area (geographical) of operation, type of customer, equipment, 
and cheuffeur, 

firm £3: the decision is not whether to retire or 
replace, but rather when to retire, The Mechanical Department 
must aporove the repair of each estimate before any car can be 
repaired. 

Firm F: This firm does not preswne to advise and 
counsel on trucks, since "they are a complex breed of cets." 

& contribution that is made in the field of auto fleet menazgenent 
is the recomnendation of a sound economical replacement policy. 
ihis plan envisions replacement at a time when you have gotten 


your money's worth of usage out of the old item and it stiil hes 
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enough useful Life left in it to comnand a good resale price. 
"After all, a goed part of fleet management is merely common 
geneze, You repair a car when it is the logical thing to do; and 
you replace ea car when that is the logical thing to do," 

Firm G: The interpretation ef the many technical 
factors that must be considered in establishing economic repair 
limites and replacement criteria will vary according to: 

1, what type of eculpment is under discussion? 

2. Was this equipment properly specified to do 
the work it is doing? 

3. if not, is it over- or under-specified and 
in what regard (engine, bedy, clutch, tires, ete,}7 

& Again, if not, was it properly specified 
at first and then subsequently used on other work; and if this 
is so, at what chronelosical point was it diverted? 

3, Has the equipment been properly maintained? 
lf not, in whet regard has meintenance fallen short? This factor 
by itself could be the reason for the decision to repair or 
replace, regardlees of other factors, 

6, How old is it, how many miles or houre does 
4% xvun, and what are the roads and terrain features of the area in 
which it operates? Ooes it run regularly or spasmodically, once 
scheduled, or on an as-needed or stand=by basis? 

7. is the driver or operator fully qualified 
for his job? itas his training been on-the-job or more formal, 
and if the latter, to whet extent? What is the amount and quality 


of his supervision? 
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8. Is the equipment driven or operated by one 
or two men regularly, or is it being handled by many different 


mer? 





CHAPTER ¥ 


CONCLUSIONS 


Our national survival depends on our ability to come up 
with sood answers as consistently as possible, Therefore, 
we must make defense plamning .. . an intellectual rather 
than an emotional proceas. To de ao we must turn our 
attention to the question of what's right, mot who's 
right. 


in studying the manner and method by which American 


businessmen decide "what's right" rather than "who's right," 


eertain underlying concepts or assumptions have been ascertained, 


because these concepts seen to ferm the framework and boundaries 


which govern the capital expenditure decision making process, 


the ten suppesitions that nave been identified are hereafter 


referred to aes the Laws of investment Analysis, in view of the 


limited scopa of this peper it is realized that there may be 


other Laws than those that are cited in this study. However, 


it is felt that any such additional lawe will result more fror 


Semantics than from further revelations. 


im setting forth these concepts, their presentetion has 


been ordered in @ sequence that reflects the impertence, from a 


military point of view, that has been attached to each of than. 
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Laws of vest Anal 


law £1. The totality of factors x 
the investment (repair-replacement) decision. 


As was seen throughout the study each investment decision 





ust be considered 


was affected by a multitude cf diverse and varying factors, 
while it is desirable to reduce all of these factors to 
quentitative tems and to interrelate them by mathematical means, 
it is not alweys possible to do so. it is essential, therefore, 
thet the factors which cannot be quantified or which cannot be 
interrelatecé by methematics are not ignored in the decision 


making process, 


Law 2, ihe leneth of an enguipment's Life should be determined 
by B own economic life. 

An item should be retained and used omly ec long as the 
étream of services that it provides is the most economical way 
of procuring these services, in determining the cost of 
alternative ways to produce the same services the capital 
consumption costs, the cost required to remove and dispose of 
the old process, and the salvage value of the old equipment must 
be considered, This is necessary to ensure that an item will not 
be replaced prior to the end of its economic life, even though 
there may have been technolosical improvements prior to this 
point in time. From management's viewpoint it is not the 
cause--1,.@., the wearing, out of the equipment, the edvent of a 
better machine, or the disappearance of the need for the service 


~~that 4s important. shat is impertant is the discovery of the 
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point in time when the present mechinery no longer provides the 
most efficient and effective way of achieving the given objective 


with an acceptable degree of aagsurance, 


Law j3. it is the relative, rather than the absolute, difference 
petween projects or courses of action that is important. 

it is not the total dollare spent nor the total dollars 
that will be earned (or saved) that is material. It is the 
amount thet could be earned (or saved) for every doller that is 
spent, 2s compared with what could be earned if come other 


expenditure was made, or if no expenditure was made. 


ow 94. All capital expenditure projects should compete equally 


for the funds that are available for this purpose. 
The identification of the desirability and the attention 


that should be given to a specific repeair-replacement problem 
by category classification is a step toward mediccrity. ‘uch 
methods avoid the trues objective (the determination of the most 
economical matrix of resources) of investment analysis. «hile 
the clescifications of safety, personal comfort, etc,., do not 
seen to lend thenselves to competing with other investments, 
euch a thought is not true. khat has really happened is that 
these projects have competed against the group and have 
triumphed without having toe be examined comparatively, Secause 
the evaluation of the services that will be received as a result 
of such decisions has been made implicitly, managenent most 


frequently does not know the relative cost of its actions. 
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lf, om the other hand, a truly competitive analysis had 
been made, the relative cost of these "mandatory" investments 
might have led to a complete reappraisal of the work that 
required them. Such reappraisals often result in revision, 


modification, or termination of the basic work. 





cS) 


must be resdily understandable and must result in a more 


economical use of manazsement's time if if is to be accepted. 
Management's use of techniques and formules is directly 
preportional to its confidence in the results they produce and 
the time required to use them. ioth of these components, 
particulerly the confidence of management, are affected by the 
user's knowledge and understending of the logic and assumptions 
that are behind the techniques, ‘The technological level of our 
society and the complexities of the business environment, which 
have made the modern manager a “jeck-of-all-trades and master 
of none," impedes the adoption of complicated or sophisticated 
systems, fo be beneficial an analytical technique must be 


relatively simple and easily understood. 





investment. 


Behind this generalization, which is true, Lie some of 


the most difficult problens encountered in investment analysis. 


whet ig the time shape of an equipment's maintenance costs? How 
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can it best be determined? The most frequently used methods seen 
to be the manufacturer's recommendations, enzineerins studies, 
and studies of empirical data. While all have been used 
successfully in selected environments, none heve been proven 


sufficiently versatile for general applicetion. 


Law #7. The efficiency of an item of equinwent decreases with 
2 ace he iten. 

This principle, which results from the same causes that 
produced the previous law, is not the inverse of Law 76. At 
best there is but a causal ralationship between increased 
maintensnce end decreased efficiency. The importance of these 
two lews is the recognition they sive of certain basic 


principles of physics, 


Law #3. Projections into the future are not accurete and 
e offsetting compensations and periodic re-evaluations., 
or both. 

It dees not take an astute observer to came to this 
conclusion; however, its importance to the investment decision 
cannot be over-enphasized, Relatively small changes in the 
magnitude of the variables, which involve projections into the 
future, can make significant changes in the desirability of the 
different alternatives, The project evaluation system should 
previde for en autometic re-evaluation of the situation and the 


Ceviations from the original prodections, 
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Because good decisions require knowledge, one of the real 
akilla needed by management is the ability to determine which 
infoxmation is worth the cost of collecting it, Frequently, due 
to the iensgth of time between requirements to make similar 
inveetment decisions and the uncertainty with which the recorded 
information is used, managers often feel that there is no need 
for recerds of this type. Fortunately the majority of today's 
decision makers have more foresight than this. Nevertheless, 
maximun benefits must be achieved from the records that are 


maintained if they are to pay for the cost of keeping them, 


Law #10. Future earniness end sosts, to be comparable, must be 
converted te equivalent values. 

in the business community it is generally accepted that 
the expenditure of a dollar in future yeers is Less costly than 
the spending of a dollar today. This is merely the recognition 
of the fact that present money, if properly handled, can earn a 
rate of return or interest, In investment analysis, because the 
cost elements for the different alternatives extend unevenLy 
over a period of years, it is necessary to equate all costs to a 


common value if the comparisons are to be valid. 


fhe Laws of Investment Analysis, as stated above, ere as 


applicable to the armed forces of the United States as they are 
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to American business, Although the soal of the business world 
is different (maximizing profits) from that of the military 
(minimizing cost), the achievement of either is enhanced by 
following a plan of action that provides the most economical 
proretion of capital expenditure dollars. Any system for 
analyzing capitel investments that has as its purpose the 
maximization of resources will have to comply with these general 
concepts if it Ls te be effective, 

the factors that were mentioned by the writers (see 
pege 21) and those that are being used by the surveyed 
corporations (see page 56) are not as applicable to direct use 
by the Merine Corps as are the Laws of Invastment Analysis. 
However, by making four modifications and four deletions, the 
factors cited by the writers make an excellent basic list for 


military use, The modifications that are required are: 


Crom io 
Generel business Cut look General worlé Cutlook 
Future Markets Areas of Yossible 
Deployment 
Future Products Mature of Future Wars 
&etlon of Compatiters Action of inemies 


The items to be deleted pertain to the profit factors 
and are; 
Future Cash farnings, 
time Shape of Puture Cash Larnings, 
Net Savings, and 


Laxee * 
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Because the factors listed by the surveyed corporations 
support the allegation that thore is a considerable amount of 
intuition being used in the analysis of capital investment 
projects, these factors are lesa useful from a military 
standpoint. However, in this group there are three factors thet 
stand cut and should, perhaps, be added to the master list. They 
are? 

safety, 
Legel Kequirements, and 
Repair Capabilities. 

the listing of Safety ae a factor to be considered in 
the decision making process should not be construed as negating 
the law that all projects should compete equally for the funds 
available, Safety is a difficult factor to quantify and its 
influence on capital expenditures usually is resolved by a 
judgment decision. As stated earlier, this does mot remove the 
need to determine the relative cost of having made this judgment. 

the other two factors have been included in order to 
emphasize the importance of the existence of minimum requirements 
and the potential expense of failing to operate overhaul and 
rebuild facilities ar capacity, There are certain fixec costs 
that must be incurred in operating repair plants regardless of 
the volume of work accomplished, To fail to utilize the repair 
capabliity ta its maximum is to misuse a valuable resource. 

The cost elements thet were cited by the writers pertain 


more to manufacturing=type operations than to service-type 













=e -o 
rm A eee ee 
ee 06 Pee SE er Gee & 
AE ie ee i we 
ee. ee eee hee es te 
a =«§ «wt sete baa @& 
2 en ee eee eS eS . 
Joe ee Ge ee te ee ee ele 


















» 4— & Oo Gee > «= oo ~ oa 











ee S36 EI -_ wa 
aa Es). —<ae= o ©& al —— eas 
Ee i ee OO —_ Oe «— 6 
| ~_ aes, cee ee | ee «* ae + be 
eer ee eerie © ime —— == 6 => | 
————— —Eo@  <—- « omen . 
i—=~ —_—_=—o <— —_ t — Ges oe ; 


| ——— SS _—_ ——=—=- Ce Pa at SS 








81 


operations. Although sll are applicable to the Marine Corps, a 
further detailed study of military operations would be required 
to determine upon which costs the emphasis should be placed. 

Needless to say, the quantifiable elements relating to 
revenues are not applicable to the Marine Corps. 

The aGaptability to use by the military of the more 
commonly used commercial investment techniques or formulas is 
practically non-existent. This is because ali of these methods 
are concerned with developing comparative rates of return or 
require the use of minimum attrective rates of return, Only 
the MAri method goes beyond the ranking of projects and attempts 
to determine the proper timing for replacement action. However, 
the cherts used in the MAPI technique, as presently developed, 
provide implicitly for such fectors as capital consumption and 
use of specific tax devreciation methods, This renders their 
use by the military impractical, 

Still, exeept for the undesirable intuitive and strict 
pay-off methods, this technique is the only one that has any 
possibility for conversion to Marine Gorps use, By 
reconstructing the depreciation curves to show the anticipated 
or actual known depreciation rate of military items, usable 
charts could be developed. The major drawback to this would be 
the requirement to create different charts for each type of 
equipment and for each of the different operational conditions 
under which such equipments might be used. Another difficulty 


that must be weighed is thet any such capital consumption curves 
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that are develeped will comtain an unknown degree of inaccuracy, 
due to man's inability to predict future evente, In spite of the 
margin of error that would be inherent in such a system, it 
would, in all probability, give more satisfactory results then 
the present economic repair limit--a Limit that declares an item 
of general equipment is uneconomical to repair when ite repair 
er rebuild cost exceeds 65% of its acquisition cost, 

in the large, complex, diverse, but formally structured 
military organization, the development and operation of an 
effective system for ensuring that the correct alternative 
(repair versus replacement) is chosen requires continuous end 
intensive support and direction by top management. In today's 
modern technological world the capital expenditures made today 
will dictate the organizationel posture that can be achieved 
tomerrowe--truly a responsibility thet deserves upper hierarchical 
attention, 

kefore discussing the development and constituents of 
such a cecision making system, it should be pointed out, as was 
stated in the Introduction, that the Marine Corps does have 4 
usable procedure for solving this vroblen, However, inasmuch as 
this paper is not a study of that system, the commente that 
follew are made without specific regard to it. 

The first taex that must be undertaken in establishing 
this decision making process is to define the scope and 
ebjectives of the syWtde, This is no mean taek in itself. is 


the objective the ensuring of the most economical use of the 
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equipment? Is it to ensure the fullest utilization of the Corps' 
maintenance capabilities? If se, which are the most inmportant--~ 
those of operating units or the depot facilities? Is it to 
provide the most effective combination of new and repaired items 
within available resources? 

Lt is suggested that unless this Lastementioned item is 
the true objective, the establishment of the system will not be 
worth the effort. whatever objectives are chosen, they must be 
clearly defined and thoroughly explained, 

Following closely on the heels of this task is the 
necessity of formulating policy. ‘The current tHarine Corps 
Girectives and publications are quite adequete in this respect. 
ihey set forth the necessary guidelines under which the 
maintenance program will be performed, 

within the framework of the procedure set forth by the 
defined objectives and the published policies, management must 
now identify the fectors and cost elements that are to be 
considered in the meking of the actual decisions. the factors 
cited by the writers of the Literature on investment analysis, 
as modified earlier in thie Chapter, are offered as a starting 
point for ereating an all-inclusive Marine Corps List. 
Additional research would have to be conducted to determine the 
actuel cost elements that should be considered, 

& final step that must be performed by upper manasement 
is the deveionment of the actual technique or formula thet is to 


be used in making the individual repeir or replecement decision. 
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it is envisioned that the technicue will have to be sufficiently 
flexible to allow for the automatic chansing of the consideration 
given to the different factors as a result of variations in then, 
For example, as the availability of maintenance dollars versus 
new procurement dollara changes, the technique should yield 
different answers when appiied, ail other factors and cost 
elemesits remaining the same, 

The organization structure that is evelvec to perform 
these functions can take many forms, The one that is actually 
acopted must previce for the coordination of the responsibilities 
that have been mentioned, namely: the determination of the scope 
of the system, setting the objectives, promulgating policy, 
identifying the influencing factors and cost elements, and the 
development of the formula or technique for the specific 
decision making situation, 

the operating elements of the orrzanization will now, in 
accordance with the directions provided by established policy, 
quantify the factors and cost elements to be used and will make 
the actual decision to repair or replace, it ig necessary that 
the system give the operating manager, whe is to make the 
decision, the data that he cannot collect from within his own 
organizetion, As nearly as possibie, this type of information 
should be provided implicitly by the formula adopted, 

the task of quentifying the factors and cost eclements is 


basically the accumulation of data and the maintenance cf records. 








_ Vo 











— oe ar — 
ee ee 
ane ees eo 
Se Oe et em et 
Re ——_— 


 — i ee oe 
_ —_ = 5 —— 


ae 
ee ee 

oe Od ee le 
wt «9 ———ee 
a el 
le = << as 


ee a Cees , = 
= IIa « 






































eo .- = + oe % ——_— —— se 
(ian ¢ aes ee © 2 a = « 

Ii ae = ]-— oe eae 
— ae §@ © — *¢ = = & — 


eee OO = Ee SSS SI a 






—_ ta <= _—— —oes ae ae 
ee Se aw a (Mee = ae -t 
i i hm ime T 
- ae te ee eee 2 Qe Gea <= Ais 


_——- Cee «a ee ee ee 


' | 





85 


This task should be performed at the lowest possible level in 
the hierarchy. This does not mean that the data so generated 
will be retained at this level, VYeriodically such data must be 
accumulated and forwarded to the upper management ccordinator 
for individual analysis and for use in the re-evaluation of the 
entire decision making process. ieop management must perform 
these audits to ensure the continued validity of the systen, 

Because of the consequence of equipment breakdown and 
the lead time involved in precuring replacement items, the 
repair-ereplacement decision must be anticipated and often must 
be made in advance. This means some form of pre-planning is 
necessary. in the Marine Corps the budget is used for this 
purpose, Unfortunately, the investment expenditures ere 
intermingled with all other costs that are anticipated by the 
budgeting unit. it ia impossible, from the budget documents 
submitted, to determine whether adequate thought and 
consideration have been given to the investment decisions that 
mey aries during the budget peried. Further, these budgets 
carmnot be used to determine the number of items that would be 
available for complete rebuild at the depot repair facilitices, 
nox do they provide any indicetion of the mumber of new items 
that should be requested in the Marine Corps procuresent 
appropriations. 

The present Marine Corps method for ensuring financiel 
suppert for the sepak?-tep lace problem is considered 


inadequate, it is believed thet the development and use of a 
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gaparate maintenence and capital budget is mandatory. By 
having the maintenance and investment dollars together in a 
Single budget and appropriation, the interchangeability of 
dollars to support the proper decision will eliminate the 
hoarding and hiding of valueble resources because it is feared 
that ecauipments wlll have to be maintained beyond their 
economical Life, In addition, any insufficiency of funds and 
the cause therefer will be more apparent and explainable under 


such a system. 
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